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A public water 
supply system, 
or improve- 
mentstoanex- 
isting system, 
can now be 
constructed at 
the lowest cost 
to the commu- 
nity in history. 
Under the 
provisions of 
the National 
Industrial Re- 
covery Act, the 
mes §=Government 
may make a direct grant to the community 
of thirty per cent of the cost of labor and 
materials. This is not to be repaid. The Gov- 
ernment may lend the balance of the cost at a 
very low interest rate. This is to be amortized 
over a period of years. If your community is 
without a water supply system now is the 
time of times to build one. 
If your present water supply system needs 
improvements, as most water supply sys- 





tems do, construct them now and take 
advantage of an unprecedented economy to 
the community. 

Such productive improvements are an ideal 
form of unemployment relief. They are not 
“made” work but permanent improvements 
necessary to the efficient operation of an in- 
dispensable public service owned by the citi- 
zens, They do not add to existing taxes since 
municipal water supply systems are self- 
supporting. The cost of the improvements 
can be paid for out of earnings instead of 
tax receipts. 

You are a “citizen-stockholder” in your 
municipal water supply system. Make it your 
business to find out whether improvements 
are needed, and if so, what is being done to 
secure quickly for your community the bene- 
fits of the National Industrial Recovery Act. 

For further information, address the 
National Recovery Committee for Water Works 
Construction of the American Water Works 
Association, 29 West 39th Street, New York, 
or The Cast Iron Pipe Research Association, 
Thomas F, Wolfe, Research Engineer, 309 
Peoples Gas Building, Chicago, Illinois. 


Water works improvements are 
an INVESTMENT, not an expense 


*This advertisement is also addressed to the 400,000 readers of the July 31st issue of Time. 
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Right — A Galion Grader 
equipped with Uydraulic 
Control, McCormick - Deering 
Power and Double Drive. 


Below—A manually operated 
Grader with Case Power and 
pneumatic tires. 
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with exceptionally low maintenance. 


Furnished with Hydraulic Control or Manual Operation; various 
types of power units and your choice of wheel equipment. 


Complete specifications will be sent on request. Write the dis- 
tributor near you. Do it today. 
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Hydraulic-Model Tests 
for Boulder Dam Spillways 


Design for side-channel spillways with drum gates determined 


after exhaustive tests—Record size models on 1:20 scale use 
flow of 112 sec.-ft—Conditions of tunnel discharge studied 


unusual magnitude and scope ex- 

tending over a period of two years 
and using a special field laboratory that 
permitted flows of 112 sec.-ft. with a 
30-ft. drop has resulted in determining 
the final design for the two Boulder 
Dam spillways. They will be of side- 
channel type designed to handle 200,000 
sec.-ft., each discharging into the out- 
side diversion tunnels. The extensive 
research program carried out by the 
LU. S. Bureau of Reclamation for 
soulder Dam was 
outlined by Dr. 
Mead in Engi- 
neering News- 
Record, Dec. 15, 
1932, p. 724. This 
article is a more 
detailed account 
of the spillway in- 
vestigation. 

With the dam 
raising the water 
surface about 600 
it above the 
Colorado River 
and with a stor- 
age capacity of 
30,500,000  acre- 
it., the necessity 
ior an accurate 
and conservative 
spillway design is 
obvious. In addi- 
tion to the 9,500,- 


GS enasual magnitude TESTING of 


By E. W. Lane 


Research Engineer 
U. S. Bureau of Reclamation 


000 acre-ft. of storage that will be 
reserved for ordinary floods and the 
125,000-sec.-ft. capacity of the needle 
valve and power house outlets, a spill- 
way capacity of 400,000 sec.-ft. is be- 


Fig. 1—Model of side-channel spillway 

with stoney gate at end. The model is 

built of sheet metal over a wood frame 

with boards cut to contour lines simulating 
the canyon walls. 





ing provided. The greatest flood provid- 
ing any useful data is that of 1884, 
which had an estimated discharge of 
250,000 to 300,000 sec.-ft. Probability 
studies indicate that the average inter 
val between floods of corresponding 
peak flow would be 200 years, but on 
the basis of volume of flow the inter 
val would be in excess of 1,000 years. 
With the operation of Boulder Dam 
reservoir, the peak discharge of this 
flood would be reduced to 75,000 sec 


ft. Because of silting, however, and 
to be conserva- 
tive, a 400,000- 
sec-ft. spillway 


capacity was 
adopted. 

With the spill- 
ways and needle- 
valve outlets oper- 
ating at full dis 
charge, there 
would be a drop 
between water 
surface in the 
reservoir and the 
river below the 
dam of about 500 
ft. In this fall the 
energy of the flow 
over the spillways 
would be 22.700,- 
000 hp., which, 
by comparison, is 
more than seven 
time the magni- 
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Fig. 2—The Nevada spillway nearing com- 


pletion. From top to bottom the spillway 
is about 120 ft. deep. 
tude of Niagara Falls (170-ft. fall 
with 164,000-sec.-ft. discharge). To 


handle safely so much potential power 
obviously involves careful study. Veloci- 
ties also are beyond the range previ- 
ously handled; in the final design 
velocities as high as 175 ft. per second, 
or practically 2 miles a minute, will be 
reached. Previous experience has shown 
that if there is no turbulence, water at 
high velocities can be passed over con- 
crete with no ill effect. The design of 
the spillways involved the development 

f a form that would cause the flow at 
high velocities to take place with as 
little disturbance as_ possible. 

For obvious reasons it was not feasi- 
ble to make the spillway over the crest 
of the dam, and the practical layout in- 
volved discharge through the canyon 
walls, returning the water to the river 
some distance below the dam. By build- 
ing one spillway on each side of the 
river, they could be constructed to dis- 
charge downward into the large diver- 
sion tunnels required during the con- 
struction period. This result could be 
accomplished at a reasonable expense. 
It is assumed that the reader is familiar, 
in general, with the arrangement. A 
map of the dam and appurtenant works 


Engineering News-Record — August | 





appeared in Engineering News-Record, 
Dec. 15, 1932, p. AO1. 

Nearly all of the small-scale experi- 
ments of this investigation were carried 
out at the hydraulic laboratory of the 
Colorado Agricultural College, Fort 
Collins, Colo. (Engineering News, Oct. 
3, 1913, p. 662). Its well-equipped 
shop and the shops of the college were 
generously made available by the col- 
lege authorities. The Bureau of Re- 
clamation was very fortunate’ in secur- 
ing the use of a laboratory so well 
adapted to its needs within a short dis- 
tance of its designing headquarters, and 
the cooperation of the college and the 
U. S. Bureau of Agricultural Engi- 
neering in this work has been much 
appreciated. 


Side channel with free crest 


Side-channel type spillways were 
adopted as best fitting Boulder Dam 
conditions. The theory of this type of 
Spillway in which the flow over the 
crest discharges into a channel roughly 
parallel to the weir was developed by 
Julian Hinds (Trans. Am.Soc.C.E., Vol. 
89, 1926, p. 881) and is based on the 
assumption that all the energy of the 
falling water is dissipated as heat, with 
the flow along the side channel caused 
only by the slope of the water surface 
within the channel itself. In all, ten 


models were built and studied r; 
from 1:100 to 1:20 ratios and 
senting five different designs. Th: 
design of a side-channel spillwa 
Boulder Dam had a free ogee cres: 7()() 
ft. long. It would discharge 1()()(\(\j 
sec.-ft. with the water level in the rs. 
voir at the top of the dam, but 
channel itself was designed to carr, «|| 
the water that would pass over th 
with the reservoir level at the toy oj 
the parapet wall, in which case th: 
charge would be 140,000 sec.-ft. he 
crest of this model was constructe) oj 
paraffin and the side channel of «)icet 
metal. The transition from the «idle 
channel to the inclined shaft was |\uilt 
of cement mortar cast around an 
curately constructed core. 

The model functioned satisfactorily. 
and a great many observations wer 
made to check the theory of the <ide 
channel. In general, the results con 
formed remarkably well to the theory 
Extensive experiments were also made 
to investigate the possibility of usi: 
vanes on the crest, bottom or sides oi 
the channel to direct part of the wate: 
passing over the crest down the channel. 
This would eliminate some of the im 
pact loss and cause a higher velocity oi 
flow in the channel, making feasible a 
smaller section. The studies showed. 
however, that the reduction of channel 
size obtained by use of vanes did not 
justify the added cost. 


Side channel with stoney gate 


With the decision to increase the 
spillway capacity to 200,000 sec.-ft., it 
became evident that the cost of a side 
channel design with free crest would 
be excessive because of the great length 
and the topography of the canyon. To 
reduce the increase in cost, gate con- 
trol for part or all of the discharge was 
studied. The prototype of the first 
model tested consisted of a side channel 
with a free crest 400 ft. long, slightly 
curved in alignment, with a stoney gate 
60 ft. wide and 80 ft. high at the up- 
stream end. The top of the gate was 
at the level of the spillway crest and 
at low discharges acted as a weir. For 
discharges greater than the combined 
capacity of the free crest and the top 
of the gate, the gate would be raised 
sufficiently to take care of the excess 
The model of this spillway was con- 
structed of sheet metal over a wood 
frame. The crest was constructed 0! 
wood, and the transition between the 
side channel and the inclined pyralin 
pipe shaft was made of wood staves 
accurately fitted together and held in 
place by outside collars. The rock of 
the canyon walls was simulated b) 
boards built up in layers cut to fit th 
contours (Fig. 1). 

The action of this spillway was not 
satisfactory. The curvature of the sid: 
channel caused the water to pile up o1 
the rear wall near the upper end and 
on the weir side near the lower end 
Many small changes were tried to im 
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prove flow conditions, such as correc- 
tions in the entrance channel to the 
stoney gate, straightening the channel 
somewhat and installing baffles to dis- 
sipate the energy of the water passing 
over the crest. Although some of these 
changes resulted in slight improvements, 
the conditions remained unsatisfactory. 
it is believed that a major improve- 
ment in the action could have been se- 
cured by making the spillway channel 
straight, but such a design would not 
have fitted the topography, which would 
have added to the cost. Further, de- 
tailed study showed that, although the 
site on the Arizona side was suitable 
for this type of spillway, it was unde- 
sirable geologically and the stoney gate 
design was abandoned. 


Field laboratory at Montrose, Colo. 


Because of the high velocities involved 
in the final spillway operation, it was 
highly desirable to test them with as 
large a scale as possible to insure trans- 
lation of results. Colorado Agricultural 





College laboratory did not readily permit 
the construction of a large model of the 
entire spillway and discharge tunnel. 
As no laboratory was available to pro- 
vide adequate head and water supply on 
the scale desired, one was constructed 
on the South Canal of the Uncompahgre 
Irrigation Project near Montrose, Colo., 
where a steep chute provided a drop of 
30 ft. and a discharge of more than 100 
sec.-ft. (Fig. 3). The water supply was 
taken out of the ditch through two 
48-in.-diameter gates into a measuring 
weir channel 12 ft. wide and about. 75 
it. long containing baffles to quiet the 
flow. At the lower end of this channel 
was located the measuring weir, below 
which the water turned at right angles, 
passed through another set of baffles into 
the expanding forebay and thence over 
the crest of the spillway model. 


First drum-gate model 


The third type of side-channel spill- 
way designed had a straight crest 
mounting four 100-ft. drum gates with 
a rise of 16 ft. The depth of flow over 
the crest was 26.3 ft. for a discharge of 


about 200,000, sec.-it. At the new field 
laboratory a model of this spillway was 
constructed on a linear scale of 1:20. 
With this scale the discharge corres- 
ponding to the design capacity was 112 
sec.-ft. The model was located in a 
bulkhead across the end of the forebay, 
which was fashioned to represent the 
topography of the canyon wall at the 
site. It was built of sheet metal over 
a wood frame and was about 20 ft. long. 
So far as known, this model and the 
one of the final design, which is some- 
what longer, are the largest spillway 
models ever constructed for experimental 
work. The flow of 112 sec.-ft. and the 
gross fall of about 35 ft. represented 
about 445 hp., which is probably the 
largest amount of power utilized in 
hydraulic-model testing. 

From the spillway channel the water 
passed through a wood-stave transition 
section into the inclined tunnel, which 
was also built of wood-stave pipe. At 
the bottom of the incline was a vertical 
bend cast in concrete followed by the 


Fig. 3—Specially constructed laboratory and 
1:20 scale spillway model on the Uncom- 


pahgre project, where flows up to 112 
sec.-ft. were used. 


horizontal tunnel represented by a 30- 
in. wood-stave pipe. Because the curve 
in the tunnel on the Nevada side of the 
dam site would cause disturbances in 
the flow that would not occur in the 
shorter straight tunnel of the Arizona 
side, the model was built to represent 
the Nevada spillway. Except for the 
bend in the Nevada tunnel and a dif- 
ference in the length of horizontal sec- 
tion, the spillways are pragtically re- 
versed duplicates. 

To save excavation, design of the 
floor of the side channel was inclined 
rather steeply, which resulted in a high 
longitudinal velocity of flow with cor- 
responding shallow depth. The water 
falling over the weir impinged upon a 
small depth of channel flow and pro- 
duced a wave of considerable height 
against the opposite wall. At the upper 
end of the channel the flow was so shal- 
low that at low discharges the channel 
floor was swept clear and a high wave 
like a surf breaker formed against the 
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rear wall. To increase the depth of 
flow in the channel and thus reduce 
the height of this wave, the slope of the 
bottom was decreased. This resulted in 
some improvement. Further, a baffle in 
the form of a coping extending out from 
the rear wall to prevent the wave from 
rising too high was investigated. This 
proved tairly successful, more so than 
any other form tried in this model. 

A large number of various types of 
channel baffles were studied. One form 
presented a cylindrical concave face 
toward the flow of the water, tending 
to deflect it back toward the weir side 
of the channel. This type of a baffle 
was tried (1) in a continuous row down 
the bottom of the channel, and (2) in 
various sections of shorter length in 
several different positions. At low flows 
most of the baffles produced smoother 
flow down the channel and _ inclined 
tunnel, but at higher discharges they 
obstructed the flow and for the maxi- 
mum discharge would have required a 
larger channel cross-section. 


To quiet the flow in the spillway 
channel and at the same time produce 
a less disturbed flow down the inclined 
tunnel, the cross-section at the top of 
the tunnel was contracted to produce 
orifice action at high flows. This re- 
sulted in greater depth and correspond- 
ing quieter flow in the channel for high 
discharges and smoothed out the dis- 
turbances in the flow down the inclined 
tunnel. Downstream from the contracted 
section the top of the tunnel was opened 
to the air to eliminate any vaccum. For 
this set-up the portal of the inclined 
tunnel was also given a bell-mouth to 
improve entrance conditions. 

To test various forms of transition 
between the trapezoidal channel section 
and thg circular inclined tunnel, a small 
1:100 scale model was also constructed 
similar to the larger 1:20 unit. How- 
ever, for this general shape of spillway 
no form was found to give sufficiently 
smooth conditions of flow on the 1:100 
scale, and further studies were initiated 
at the Colorado Agricultural College 
laboratory on a 1:60 scale model. 

The second drum-gate model also had 
four 100-ft. gates along the crest, but 
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Section on C.L. manway 


the channel was deeper and had a flatter 
slope than the first. It was constructed 
on a wood frame covered with galvan- 
ized iron. The transition between the 
channel and the tunnel was made of 
laths held in place by external collars 
and covered inside with a mixture of 
quick-setting cement, lime and sand. For 
the tunnel a 10-in- transparent pyralin 
pipe was used. The vertical bend at the 
bottom of the inclined tunnel was also 
of pyralin. 

As first constructed, the tunnel portal 
was located just below the downstream 
end of the drum-gate section. The flow 
at the last gate caused a disturbed con- 
dition in the water entering the transi- 
tion section, giving rise to an unde- 
sirably rough flow down the tunnel. 
When a portion of the downstream gate 
was blocked off, the water flowing down 
the channel became quieter before reach- 
ing the portal and gave a better flow 
condition down the inclined tunnel. To 
get this beneficial effect, a 60-ft. sec- 
tion was added to the channel between 
the last drum gate and the tunnel portal. 
This change improved flow conditions 
in the tunnel and was used in subsequent 
tests. 

To increase the depth of channel flow 
and thus provide a greater volume of 
water in which the energy of the over- 
falling water could be dissipated, weirs 
of various heights were built across the 
channel at the portal. These devices 
also tended to distribute the flow more 
evenly at the tunnel entrance and con- 
siderably improved the flow in the spill- 
way channel. The higher the weir the 
greater the improvement, but too high 
weirs backed the water up in the channel 
and reduced the discharge over the 
spillway crest. 

The last major change in spillway 
design was the placing of an offset in 
the weir side of the channel at the end 
of the overflow section. This had an 
effect similar to the weir across the 
bottom of the channel and also made 
the side of the channel downstream from 
the overfalling sheet an approximate 
continuation of the outside surface of the 
sheet, which formed the boundary of 
the water flowing longitudinally in the 
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Fig. 4—Final design of the Nevada spiii- 
way as developed from model tests. 


channel. Without this offset in the 
channel wall, there was a sudden widen- 
ing of the space occupied by the water 
flowing along the channel on the weir 
crest side at the end of the overfall sec- 
tion, which caused a lowering of the 











Fig. $—Comparison of full-capacity tests 

(200,000-sec.-ft.) on Nevada spillway 

models of various scales: top, 1:20; center, 
1:60; and bottom, 1:100. 
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surface on that side and an uw 
flow entering the transition. Th: 
spillway design, as developed jo: 
Nevada side of the river, is sho 
Fig. 4. 

A great variety of baffles and 
devices were tried in the channel : 
duce turbulence and to improve 
conditions in the spillway and tw 
In all, about 100 different arrangen 
were tested. Some of these were | 
effective in accomplishing this r 
but the added expense of the con 
work to install them was not beli: 
to be justified by the results obta 

The form developed in the 1:60 m: 
just described, was duplicated o: 
second 1 :20 scale at the Montrose lal 
tory. An extensive series of tests 
made to compare the action of the 
sizes of models, and the results obtai: 
were very similar. 


Final-design spillway models 


As a result of experiments to de\ 
the most efficient form of ogee cr: 

a spillway differing slightly from 
second 1:20 model in the shape of : 
crest was adopted for the final desi: 
Models on ratios of 1:20, 1:60 and 1:1 
were made of this last design, and « 
tensive observations were carried out | 
compare the results. 

A .close agreement was observed 
the action of the models, not only in the 
major features of flow but also in tl 
details of the wave formations (Fig. 5 
Comparisons on a quantitative basi- 
both of the flow in the channel and tl: 
discharge over the weir, gave excellent 
agreement of results for the three sizes. 
warranting the confident prediction that 
the prototype will perform in a manner 
similar to the models. 


Experiments on flow in the tunnel 


As the velocity of water in the tunne! 
would reach a maximum of 175 ft. per 
second, it was important to know the 
conditions of flow in passing around 
the bends. The performance observed 
in the transparent bend joining the in 
clined and horizontal tunnels of the 1 :6( 
models was encouraging. The radius of 
the center line of this bend corresponded 
to 150 ft. in the prototype. The water 
followed smoothly around the bottom of 
the bend, but some roughness resulte: 
downstream; similar results were pro 
duced in the 1:20 scale model. A mode! 
on the 1:60 scale was built with a radius 
corresponding to 200 ft., which gav: 
somewhat better results. Various larger 
radii were tried by means of a 10-in. 
rubber pipe that could be bent to an) 
desired radius. No improvement was 
noted for radii greater than 200 ft., and 
as the flatter bends were more ex 
pensive to construct, this radius was 
selected. 

Extensive experiments were also 
carried out to determine the best form 
of bend in the horizontal tunnel. The 
action of a sharp bend was demonstrated 
by using a 224-deg. section of transpar- 
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ent pyralin bend previously mentioned. 
This had a center-line radius corre- 
.ponding to 150 ft. and caused the wates 
to flow around the bend in a spiral, 
passing from the bottom of the pipe to 
the top and down the other side, with 
«reat turbulence in the straight section 
iownstream. The radius that fitted best 
with the arrangement of the other fea- 
tures of the Boulder Dam development 
was 819 ft. A model of this radius was 
built of steel pipe, with one side cut 
out so that the flow might be observed, 
and gave much better results than the 
sharp bend. The water rode up the out- 
side of the bend practically to the top 
of the pipe but did not cross and flow 
down the opposite side. Experiments 
on bends of larger radii and compound 
curves gave no better results than the 
simple curve with 819-ft. radius, and it 
was therefore adopted. 

At full discharge of the 1:20 model 
the water filled the horizontal pipe 
representing the tunnel to a depth of 
about 85 per cent at a point near the 
lower end. With several of the varia- 
tions in the first model, a severe vibra- 
tion occurred at this point. This would 
be extremely undesirable in the proto- 
type, as the shocks in the prototype 
would be many thousand times as severe 
as the model. The better variations of 
the first model were nearly free from 
this effect, and it did not occur with the 
final design. 

To obtain the greatest possible dis- 
charge over the weir crest, an extensive 
series of experiments was made to de- 
velop the shape having the highest dis- 
charge coefficient. The shapes of nappe 
for weirs with various upstream faces 
were determined under a wide range of 
velocities of approach. A form was de- 
veloped suitable for a drum gate, which 
gave considerably higher discharge 
capacity than was obtained with the first 
designs. Observations were also made 
of the pressures acting on the weir 
under numerous conditions and of the 
pressures on the drum gates for various 
positions of the gate and depths of over- 
flow. It is expected that a detailed 
report will be prepared and published 
at a later date covering in detail the 
results of the experiments on all phases 
of this spillway investigation. 

The construction and testing of the 
hydraulic models were carried out under 
the direction of the author, assisted by 
R. R. Randolph, assistant engineer 
(Panama Canal), J. E. Warnock, asso- 
ciate engineer, and others. Designs of 
the spillways were prepared by D. C. 
McConayghy, senior engineer, under 
the direction of B. W. Steele, engineer 
of dams. All designs and investigations. 
of the Bureau of Reclamation are under 
the direction of J. L. Savage, chief de- 
signing engineer. All engineering and 
construction work is under the general 
direction of R. F. Walter, chief en- 
gineer, with headquarters at Denver, 
and all activities of the bureau are under 
Dr. Elwood Mead, commissioner of 
reclamation, Washington, D. C. 
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Remove Piles 


from Building Foundations 


Loft building in St. Paul, Minn., settles dangerously because wood 
borers eat wood piles out from under wall and column footings 


By C. A. P. Turner 


Consulting Engineer, Minneapolis, Minn. 


BOUT three years ago, when, in 
Ax investigation of settlement, 
some of the foundations of a six- 
story building in St. Paul, Minn., were 
uncovered, it was found that the wood 
piles which had originally supported the 
wall and column footings had disap- 
peared. There remained for 4 or 5 ft. 
down only round holes whose sides had 
caved but little. Following this dis- 
covery the city building department is- 
sued notice that the building was un- 
safe for its rated loading. Upon this 
notice from the building department, the 
lessee of the building, who was not oc- 
cupying it but was paying rent under 
lease, notified the. owner that the lease 
was surrendered and rent payments 
were discontinued. A law suit followed. 
As a result of this law suit, the 
procedure of which will not be dis- 
cussed, investigations were made and 
testimony given which disclosed a cause 
of pile failure entirely new and puzzling 
to the writer. The facts are therefore 
presented here in some detail. 


Building structure 


The building as constructed in 1886 
was four steries high and 100x125 it., 
on a corner lot, and had one party wall. 
It had bearing walls (basement lime- 
stone and brick above) and interior 
cast-iron columns spaced 14x19 ft. and 
carrying 14-ft. steel girders, wood floor 
joists and floors, with plaster ceilings. 
In 1912 two stories were added. The 
structure was planned for light manu- 
facturing. The original column foot- 
ings were carried on clusters of nine 
piles 14 to 16 in. in diameter and prob- 
ably 40 to 50 ft. long. Further details 
will be given later. 

The ground occupied by the building 
was a part of a swamp bottom of clay. 
Fills across this bottom had previously 
been made for the two streets bordering 
the building lot. These fills were un- 
settled. A part of the lot area was to 
some extent a dump, while the clay bot- 
tom cane to the surface in other parts. 
In constructing the foundations the fill 
material stood up well, and where the 
sand and gravel of the fill had spread 
into the clay there was a layer of hard 
digging. Elsewhere the clay bottom 
was soft. In these materials the column 
footings were built as follows: 

The piles were cut off 4 or 5 in. 
above the existing ground surface. Two- 


man flat stones were set on the pile teps, 
and the spaces around them were filled 
with spawl and the capstones wedged 
with spawls until they bore nicely on the 
pile tops. The top of this dry masonry 
was smoothed up with mortar, and on 
this a masonry pier about 5 ft. square 
‘vas laid up in natural cement mortar to 
the basement floor 84 ft. above. <A 3-ft. 
square capstone was set on each pier to 
carry the cast base for the column. 
The piers were filled between with 
sand, gravel, stone chippings, etc. 
Sleepers were laid on this fill and 
floored with spiked plank. The sleepers 
appeared to have been embedded in 
natural cement and about 1}-in. layer 
of cement placed under the planking. 
The total load on the footings is esti- 
mated to have been 1} tons a sqft. 

When in 1912 two stories were 
added to the building it was observed 
that the settlement had been 2 or 3 in. 
at one end and about the same amount 
at some of the interior columns, This 
was attributed to drawing down the 
water by sewerage and other city im- 
provements and consequent shrinkage 
of the clay. With the added two stories 
there was no immediate change in ele- 
vation, but gradual settlement soon 
began and reached from 3 to 5 in. addi- 
tional at some of the columns, which 
led to the investigation being described. 

The uncovered foundations disclosed, 
as previously stated, that many piles 
had disappeared for several feet down, 
leaving uncaved holes in the clay. The 
clay for a few inches annularly around 
the hole was dry but farther in was soit 
and plastic. Also the clay under many 
of the footings was so plastic that it 
could be squeezed, like putty, into a ball. 
It was so moist in fact that it seemed 
impossible that the piles would rot were 
they well sealed at the top. 

This fact and the further fact that 
so little remained of the piles indicated 
that they had been eaten out by borers. 
Had rot alone been the cause, the de- 
cayed pile would be more or less intact, 
filling the hole. As during the last five 
years there has been much less rainfall 
than for many years previously, the soil 
under the building would be dr# and al- 
low beetles to get under the floor and 
at the piles. This was shown to have 
been the case. 

By getting hold of a piece of a pile 
with a chain and breaking it loose dewn 
below, samples were pulled up from a 
depth of 4 to 6 ft., which showed fresh 
pine timber in the middle of the outer 
surface scored by these borers. Ap- 
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parently their mode of operation, as 
might be judged from the brown wood 
rotted remains of some other piles near 
the top, was to attack the pile 1 or 2 ft. 
down from the head, eat it away com- 
pletely for some length and working 
from the outside toward the center, 
leaving the dirt of the worms with the 
little chips they would bite out of the 
pile in strings. This is quite different 
from their work in dead and down tim- 
ber in which they seem to bore and tun- 
nel the wood more like the teredo. Here 
they worked around the periphery from 
the outside toward the center, the grub 
scores following closely but not exactly 
the direction of the grain. 

As regards the mode of attack of the 
foundations, the beetles undoubtedly 
laid their eggs on the exterior surface, 
which was just damp enough to suit 
the borers. Starting in perhaps 2 ft. 
down below the top of the pile, which 
was a little too dry to make nice chew- 
ing, they cut off the moisture that previ- 
ously had been brought up to the top 
of the pile by capillary attraction; as a 
result the extreme top rotted into brown 
punk, which in the empty holes had 
dropped down and broken up about the 
upwardly projecting core lower down. 

It seemed somewhat dangerous to dig 
deeper and extract a section on which 
the grubs were still working, but find- 
ing the worm holes indicated the reason 
why the top portion had rotted without 
showing grub marks. The wood borers, 
which are such a pest in apple culture, 
hatch from the larvae from the saperda 
condida and the chrysobothrid femorata 
beetles, which had deposited their larvae 
2 or 3 ft. down from the top of the pile, 
as the pile at that point was a little 
more moist than at the top and hence 
more succulent to chew up. 


Evidence on dry-wood borers 


Because the disappearance of the top 
4 or 5 ft. of the piles was attributed by 
most of the engineering witnesses in 
the law suit to rot rather than to borers, 
the writer reviewed literature in various 
engineering treatises, including Merri- 
man, Lanza, Rankine, Civil Engineering, 
Trautwine, etc., and was surprised to 
note how little information was presented 
on the subject. Thus in our standard 
engineering pocketbooks, including the 
old edition of Kent, the most important 
cause of timber decay is not mentioned. 

Dry and fairly well-seasoned timber 
is attacked by small borers that cause 
powder post. Dead and down timber 
in the forest is attacked by various wood 
borers. Living timber suffers to a lesser 
degree. There are many species of 
borers that eat into the bark of certain 
special varieties of timber. Others only 
attack the hard wood or inner portion. 
These wood borers in the early stage of 
their development belong to that class of 
insects known as coleoptera or beetles 
in their final development. More than 
80,000 varieties have been described by 
entomologists, although fortunately the 
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varieties that attack timber are more 
limited. All of these insects develcp 
from the egg into worms, which, when 
they attain full growth, incase them- 
selves in a shell and, following a period 
of repose, change into the developed 
beetle. Gertain varieties of these 
beetles prefer specific types of growing 
timber, and when this kind of timber 
cevers large areas an epidemic of the 
attacking beetles may occur. A million 
and a half trees in the Harz forest in 
Germany were destroyed in a single 
season by two varieties of these beetles. 

The most active of the wood borers 
are those that constitute the pest of the 
apple grower known as saperda condida 
and chrysobothrid femorata, which ap- 
pear to attack the wood where the bark 
is broken and in any portions where 
dead timber is exposed. The eggs of 
the beetles are eaten and destroyed by 
black ants, birds, etc., so that they do 
not multiply as rapidly as under condi- 
tions that are more favorable to them. 

The development of the borer is more 
rapid where the temperature is from 
60 to 70 deg., and at freezing tempera- 
ture they are practically dormant. Ap- 
parently the time in which the borer will 
work befcre changing into the beetle 
may vary from two to three years, as 
the conditions are those of outside ex- 
posure in winter and summer seasons 
down to a much shorter time, where the 
temperature is more constant, so that 
where the latter is the case practical 


destruction of the timber may be a: 
plished in a period as short as 0: 
one-half years. 

The safety of the piling in condit 
as above described depends on com; 
sealing of the top of the pile fron 
cess by these destructive insects. + 
sealing is accomplished by present 
concrete footings more satisfact: 
than with the old-fashioned rul 
stone capping and piers that were | 
on top of the piling column in the ’s 

The rectification and strengthenin: 
the foundation where piling has } 
thus eliminated resolves itself int, 
very simple matter where the clay \ 
harden as it dries out. The dama; 
piling may then be burned out, and : 
heat of its removal in this manner 
stiffen the clay so that concrete may 
safely deposited with reinforcement « 
the structure placed on an even m 
stable basis than originally at a re 
tively small expense. This method 
repair would be permissible only wh: 
the material surrounding the pile hol: 
sufficient clay to harden satisfactori! 
under heat. Thus the equivalent of fou 
to five months’ rent would have bec 
ample under competent engineering 
supervision to have made the footings 
safe and rendered the structure in its 
admirable location one of the most « 
sirable loft buildings in the city, and in 
cidentally would have obviated the dis 
pute between lessor and lessee involvin; 
many times that cost. 





Russia Builds Rail-Bridge 
Over Dnieper River 


By C. L. Christensen 


Formerly Designing Engineer. Niagara River 
Arch, Michigan Central Railroad 


USSIAN METHODS of bridge 
R design and construction are well 
illustrated by a railroad structure 
over the Dnieper River at Dnieprope- 
trovsk (about 50 miles upstream from 


the Dnieprostroy power station), which 
was completed recently. The bridge is 
about 5,350 ft. long, of which 4,600 ft 


is of reinforced-concrete construction, 


Fig. 1—Under a load of two locomotives 
the 170-ft. spans showed an average 
deflection of * in. 
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consisting of fourteen 170-ft. arches, 
fourteen 95-ft. arches, three 50-ft. 
arches and four 53-ft. continuous- 
girder spans. The remainder of the 
length is made up of two 360-ft. steel 
through-trusses over the navigation 
channel. The bridge accommodates a 
single-track railway and two sidewalks. 

At the bridge site the river is di- 
vided by an island into a main and side 


channel. The bridge crosses the main 
channel in a straight line, but on the 
island and across the side channel it is 
on a curve, to facilitate the track layout 
along the river bank. During the first 
years of the World War the piers were 
built in both channels for a bridge con- 
sisting mainly of 360-ft. steel truss 
spans, but the superstructure was never 
erected. In 1931 a new design was 
made in which all except the two spans 
at mid-channel were reduced in length 
by the construction of a number of new 
piers. Most of the piers in the river 
were built by the pneumatic method and 
were carried down to solid rock. Some 
few piers were built by the cofferdam 
method, while concrete piles were 
driven to support the piers on the island. 


aaa a OAT iii IRE OE 


Fig. 2—In pouring the 170-ft. spans both 
steel and timber truss centering was used. 
By means of a land concrete plant and a 
cableway, supplemented by a floating con- 
crete plant, all arches were poured 
simultaneously. 


All arches consist of two ribs con- 
nected by diaphragms. In the 170-ft. 
arches the ribs are vertical, and the 
lateral forces from the trains and the 
wind are transferred to the tops of the 





Fig. 3—The 95-ft. arches of the curved ap- 
proach were founded on low piers, and the 


ribs were battered outward to provide 
resistance against lateral forces of wind and 
train sidesway. 


piers through the floor slab. In the 
95-ft. arches, however, each span is an 
entireiy independent superstructure on 
low piers, and the lateral forces are re- 
sisted by giving the arch ribs a trans- 
verse batter (Fig. 3). 

The new piers were built during the 
winter of 1931-1932, and the super- 
structure was completed during 1932. 
The total construction period was only 
sixteen months. The stones for the 
concrete were quarried on the rocky 
river shore, transported by cableway to 
the island and crushed there. The 
falsework trusses for the river spans 


were built as three-hinged arches, some 
of timber and some of old steel trusses, 
rebuilt and reinforced at the construc 
tion camp. In order to finish the con 


crete work before winter, and thus 
avoid expensive and difficult cold- 
weather concrete work, a_ sufficient 


number of falsework trusses was made 
to permit all the arch spans to be built 
simultaneously. These falsework trusses 
will be used again during 1933 for a 
similar bridge over the Volga River. 
The concrete was transported from sta- 
tionary mixing plants by cableway, ex- 
cept that the concrete for the midstream 
arches was poured from mixing plants 
on barges. The reinforcing bars in the 
arch ribs 


were spliced by welding 
There were about 10,000 lap-welded 
splices. One construction difficulty was 


occasioned by the fact that the old piers 
built in 1914 were found to have a very 
poor concrete behind their fine-looking 
stone facing. A grouting operation of 
major proportions was therefore neces- 
sary to make them adequate for the 
loads. 

When the bridge was finished, it was 
tested for deflections and vibrations 
under the load of two heavy freight 
locomotives. On the 170-ft. spans the 
average deflection was about #1 in., and 
horizontal movement at the floor-slab 
expansion joints over the piers was ¢ in. 
Finally the two locomotives coupled 
together ran over the bridge and turned 
the curve a number of times at 50 miles 
per hour. The bridge was then opened 
for traffic. 


Engineers and contractors 


The bridge was designed by the engi- 


neering staff of Gosproektrans. The two 
steel spans were manufactured and 
erected by Stalmost. The concrete 


arches and piers were built by the 
Dniepropetrovsk department of Mosta 
trust. All equipment, such as floating 
cranes, concrete plants and cableways, 
was designed and built at the construc- 
tion plant by the engineering staff of 
Mostatrust. M. A. Kienia was chief 
engineer of construction, while the 
problems of providing labor and mate- 
rial were handled by the general man- 
ager, N. P. Bogdanof. The writer was 
consulting engineer for Mostatrust dur- 
ing the construction. 
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Small Shield-Driven Tunnel Lined 
With Trapezoidal Blocks 


Interlocking precast units of mew shape used in 4-ft. 
drainage tunnel under Pennsylvania Railroad tracks at 
Norristown, Pa.—Blocks made on job in hydraulic press 


tunnel 170 ft. long and lined with 
a new type of interlocking 
trapezoidal-shaped precast concrete 
block has just been completed under 
seven tracks of the Pennsylvania Rail- 
road at Norristown, Pa. Cover be- 
tween bottom of ties and top of tunnel 
averaged 14 ft. The tunnel was driven 
through filled ground, with driving 
speeds varying from 25 ft. per eight- 
hour shift in clay fill to 12 ft. per shift 
in rock fill, The driving and lining 
process was somewhat similar to that 
described in Engineering News-Record, 
Nov. 13, 1930, p. 771, the same shield 
(slightly modified) being used, but the 
shape and size of blocks and method of 
manufacture were materially changed. 
An inside view of the tunnel is shown 
in Fig. 1. 
Formerly the lining blocks used in 
this system of tunneling were hexagonal 


A SHIELD-DRIVEN 4-ft. drainage 


Fig. 1—Inside view of 4-ft. shield-driven 
tunnel lined with trapezoidal concrete 
blocks. Because of light conditions within 
tunnel, described in this article, a satisfac- 
tory interior view could not be obtained. 
This view is that of a similar tunnel just 
completed in Philadelphia, and is shown to 
illustrate arrangement of blocks. 


in shape, 8 in. wide in the direction 
parallel to the tunnel line, poured in 
cast-iron molds and erected in staggered 
rings with every other block projecting 
4 in. bevond the adjacent units. The 
new blocks are trapezoidal in shape, 8 
in. wide, and 4§ in. thick, made up in 
two types to interlock together in a com- 
plete circular ring forming 8 in. of 
completed tunnel lining 4 ft. in diam- 





eter. Eighteen blocks make up 
ring, nine of the A type and nin 
the C type. The two types differ 
in the tongue and groove portions 0: 
contact edges which, with the trapez. 
shape, constitute the interlocking fea 
of the unit. Tongues on the blocks 
14 in. wide and 4 in. high; gro 
are 4 in. deep, and 1§ in. wide, | 
tapered to provide a snug fit. 
A block has a groove on the | 
end, and both edges -.and a _ ton 
on the short end. The C block ha 
tongue on the long end, and both ed 
and a groove in the short end. In 
dition, the C block garries transv: 
tongues and grooves on the ends to 


Fig. 2—Part of three rings set up to show 

how blocks interlock in perfect alignment 

Joint seal formed by dipping blocks in ho: 
asphalt is not shown. 





sure proper spacing with respect to ad- 
jacent rings. Before placing, the con- 
tact edges of the block are dipped in 
hot-blown asphalt, which provides a 
watertight joint seal. Details of the 
blocks are shown in Fig. 3. Each block 
contains 0.206 cu.ft. of concrete and 
weighs about 32 Ib. Twenty-seven 
blocks are required for 1 ft. of tunnel. 


Shield design 


The shield is 4 ft. 10 in. in outside 
diameter and has an extreme length 
of 10 ft. 54 in. The skin is steel plate, 
3 in. thick, except for the tail, which is 
14 in. long and only $ in. thick. The 
forward half of the shield is articulated, 
the diaphragm frames of the front and 
rear parts of the shield being joined by 
four directional control screws. These 
control screws are used for steering of 
the shield. The shield hood extends 21 
in. beyond the lower cutting edge. 
Eighteen hydraulic jacks are arranged 
to operate in two banks of nine each, al- 
ternating jacks making up one bank. 
Each jack, 4 in. in diameter, is equipped 
with a 2-in. auxiliary plunger that car- 
ries the jack shoe. The jack shoes 
have a partial ball-and-socket connec- 
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Section A-A and A-K 
BLOCK-C 


Fig. 3—Details of new trapezoidal-shaped 
concrete blocks that were used in small 
drainage tunnel. 


tion with the plunger, giving the shoe an 
even bearing on the block. When the 
main jack is extended, it bears against 
the jack shoe collar of the auxiliary 
plunger, and when in this position a dog 
on the main jack engages the jack shoe. 
When retracting, the dog pulls the shoe 
and auxiliary plunger back to the main 
jack. Oil is used as a pressure medium 
in both large and small jacks, the shov- 
ing pressure being actuated by air sup- 
plied by a portable compressor outside 
the tunnel. A reducing valve and two 
three-way valves supply high and low 
pressure oil to the larger jacks. Al- 
though the equipment is designed for 
jacking pressures of 4,000 Ib., a pressure 
of 1,200 Ib. is usually sufficient, with 240 
lb. used as the low pressure. The re- 
tracting oil pressure is supplied by an 
air pump floating on the air line, this 
pressure actng continuously. 


Tunnel driving 


A sheeted shaft about 14 ft. deep was 
sunk in the outlet portal of the tunnel. 
At the bottom of this shaft a manhole 
will be built to connect the tunnel with 
an exising drainage system. The shield 
was lowered, assembled, to the bottom of 
the shaft, and driving was started from 
the lower end of the tunnel. 

At the start of the driving, the shield 
rested on a structural-steel cradle ac- 
curately set to line and grade. The 
jacks pushed the first ring of concrete 
blocks home against a precast rein- 
forced-concrete starting ring, which in 
turn was supported by the head frame 
of the structural cradle. 

Muck was pulled down from the 
heading by hand and was thrown upon 
an 8-in. belt conveyor, 15 ft. long, that 
extends through the shield. The con- 
veyor is operated by an air motor. From 
the end of the short conveyor the muck 
was-dumped into }-yd. steel buckets set 
on a flat car operating on a 12-in.-gage 
track. The flat car was divided into 
two parts, the rear part carrying two of 
the muck buckets and the front part 
consisting of a low platform upon which 
the lining blocks were carried from the 
portal to the shield. The car was 
handled in and out of the tunnel by 
hand. At the top of the shaft was 
rigged up a monorail hoist operated by 
air. The hoist could lift two muck 
buckets out at a time, the monorail per- 
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Section B-B and B-B 
BLOCK-A 


mitting the buckets to be moved over the 
side of the shaft for dumping (Fig. 5). 


Placing the block 


The operation of placing the lining 
blocks is as follows: Consider the head- 
ing excavated ready for a shove oi the 
shield. The nine alternate C block jacks 
are retracted, and nine C blocks, with 
their small end forward, are set in place 
against the concrete starting ring. As 
each block is set in place the dog on 
the corresponding jack is released, 
bringing the auxiliary plunger of that 
jack out against the block under low 
pressure, holding the block securely in 
place against the last ring of blocks. 
After the nine C blocks have been 
placed, the full pressure of the jacks 
bearing against them is released, shov- 
ing the shield ahead. The A blocks are 
then set in place, with the large end 
forward. As these blocks are set, the 
dogs on corresponding jacks are re- 
leased, bringing the low-pressure 
plungers out against the blocks to hold 
them in place. Because of the wide end 
of the A block that is being placed for- 
ward, it is necessary to provide some 
additional clearance by shoving the 
shield ahead before these 


blocks are 








Se 


Fig. 4—Hand-operated hydraulic block 
press, which has a capacity of 400 blocks 
per day. 


placed. In hard shoving the shield is 
pushed ahead just far enough to provide 
a clearance but in easy going the entire 
8 in. shove of the shield is made against 
the set of C blocks. After the A blocks 
have been set, completing the ring, full 
pressure of all jacks is released to shove 
the blocks into place and maintain an 
even circumferential joint. After all the 
blocks are in place, the mucking out of 
the heading is resumed, and then the 
jacking cycle is repeated. The tunnel 
crew consisted of a foreman and five to 
eight laborers, depending upon the type 
of ground encountered. 


Fig. 5—Muck was handled at portal shaft 

by air-operated hoist on a monorail. Steel 

muck buckets were handled to and from 
heading on 12-in.-gage car. 
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The blocks were manufactured on the 
job in a hydraulic press. A mix of 
1:14:2 was used to obtain the 4,000 Ib. 
per sq.in. compressive stress specified at 
the end of 28 days. The aggregates con- 
sist of sand and 4-in. crushed stone. The 
hydraulic press is shown in Fig. 4. Two 
sets of molds were required, one for 
each type of block. The concrete was 
mixed in a small mixer, and the amount 
of concrete dumped into the mold was 
carefully determined by weight. The 
hydraulic jack in the press was operated 
by hand. Indicators on the press showed 
when the blocks had been compressed to 
the exact required length. After com- 
pression, the top and side molds were 
lifted off, and the block was removed on 
the bottom mold and left over night 
before the bottom was stripped. The 
block-making plant had a capacity of 
400 blocks in eight hours. The usual 
procedure was to make 200 blocks of one 
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type in the morning and 200 of the other 
type in the afternoon. A crew of five 
was required for the operation of the 
block plant. 

Blocks were cured for at least seven 
days before use in the tunnel. After cur- 
ing, the contact edges were dipped in 
hot-blown asphalt to provid the seal. ,A 
rack was set in the asphalt container, 
and the top of the rack was kept just 
below the level of the liquid asphalt. 
Shoving the blocks across the rack from 
one end of the asphalt tank to the other 
was sufficient to give the block the right 
amount of asphalt coating. 


Contractors and personnel 


The tunnel was built for the Penn- 
sylvania Railroad. The contractor was 
Vincent Neamand, Philadelphia, asso- 
ciated with the Tunnel & Mine Machin- 
ery Co., of Philadelphia, holders of 
patents on the shield and block. 





Survey of Exit Practice 


in Buildings 


Number, location, size and types of exits, population 
and areas served, travel distance to exits and obstructions 
found to their free use as disclosed by wide survey 


By H. B. Houghton and J. H. Courtney 


Associate Engineers, Bureau of Standards, 
Washington, D. C. 


quirements for means of egress from 

buildings, the building-code commit- 
tee of the Department of Commerce 
and the building-exits code committee 
of the American Standards Association 
considered it advisable to accumulate 
as many data as possible on general 
current practice in the design of exits. 
The collection of these data was con- 
sidered necessary not only to supple- 
ment the information already possessed 
by the committee members as a result 
of their professional experience, but 
also, by including a sufficient number 
of cities, to secure a fairly good cross- 
section of current practice throughout 
the country. The committees decided 
that a survey of modern buildings car- 
ried on in as many cites as the time 
allotted to the work would permit would 
secure the desired information most 
efficiently. The survey was carried out 
by the staff of the building-code com- 
mittee. 


I: THE preparation of minimum re- 


Method of survey 


The survey was conducted in the 
office and field and covered places of 
assembly, public, institutional, residen- 
tial and business buildings erected within 
the last ten years. Buildings of mixed 
and special occupancies were not in- 


cluded for the reason that these are usu- 
ally considered as special cases for the 
building official to decide and conse- 
quently would not be subject to gen- 
eral requirements for exits. 

The office survey consisted of the 
collection and tabulation of information 
and recommendations obtained by cor- 
respondence with architects and engi- 
neers, officials of hotel chains, code 
writers, school superintendents, theater 
executives and others having special 
knowledge of exit requirements. Floor 
plans obtained from architects and from 
other sources were studied. A digest of 
exit regulations in state labor laws, tene- 
ment-house laws and building codes was 
made, and the fundamental requirements 
of each were listed and compared. A 
study of fire records was made to de- 
termine to what extent exits were re- 
sponsible for loss of life in fires. 

In the field survey, contact was first 
made with the building official of each 
city visited. A list of representative 
buildings was prepared with his assist- 
ance, and plans for these buildings were 
secured from the files. The required 
information was then taken from the 
plans and checked by an inspection of 
the building. Floor plans were ob- 
tained from the rental managers of the 
buildings to supplement the field notes. 
During the building inspection notes 
were made concerning obstructions to 
exits and the marking of the exits, and 


figures on the population served |) 
exits were secured when available 
terviews were obtained with bui! 
officials, state labor officials, archi: 
and school superintendents, and ; 
pertinent information was obtaine 
exit design and the minimum req 
ments for exits. After completion o; 
field survey the material from 
sources was assembled for present 
to the building-code committee. 


Design practice variable 


The survey did not reveal any | 
ticular uniformity in methods of « 
design either in current architectu;al 
practice or in code or labor-law require- 
ments. On the contrary, a wide vari- 
ation in the fundamentals of exit desicn 
was observed in the different citics. 
Architectural practice differed in regard 
to code requirements, some buildings 
barely meeting the code requirements 
while others provided exits in excess 
of requirements. Some architects wer 
of the opinion that the code regulations 
were safe, while others were of the 
opinion that code regulations were not 
severe enough. The need for regula- 
tion of exit design was generally recog- 
nized, however, by the architects inter- 
viewed. The building officials consid- 
ered the exit provisions as among the 
most important of the building regula- 
tions, although some difference of opin- 
ion exists as to minimum requirements. 
The opinion was frequently expressed, 
however, that the securing of adequate 
exits in existing buildings is a more 
difficult problem than in the case of new 
buildings. This is particularly true in 
existing buildings in which a change 
of occupancy is contemplated. 

Certain cities do not require a permit 
to make repairs. Under the pretense 
of repairs such a complete interior alter- 
ation may be effected that a one-family 
dwelling may be converted into a multi- 
family house with no change in exist- 
ing exits. The existing exits may be 
entirely inadequate for the increased 
population and may result in fatalities 
in the event of fire. In one of the cities 
visited the loss of life in a recent fire was 
attributed directly to this cause by the 
building official. 


Stairways and fire escapes 


Current practice in the number of 
stairways provided in buildings of dif- 
ferent occupancies showed considerable 
variation. Of the 36 office buildings 
inspected, 20 had only one stairway, ten 
of these one-stairway buildings being 
over ten stories high. Of the buildings 
of other occupancy, however, 80 per 
cent had two or more stairways. Stair- 
ways varied in width from 3 ft. to 10 
ft., the widest being found in a depart- 
ment store not equipped with elevators. 
Schools were generally provided with 
wide stairways. The stairway width 


found most frequently was around 42 
in., although a great many 36-in. stair- 
ways were observed in office buildings 
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and apartment houses. The stairways 
were generally located so as to utilize 
dead space or space least valuable as 
rentable area. This, of course, influ- 
ences the distance to the exit and prob- 
ably accounts for the wide range of 
these distances of 30 up to 200 ft. In 
most cases the distance was less than 
that allowed by the local code. Judg- 
ing from the changes in location and 
the increase in number of exits made 
on plans submitted for approval, the 
puilding official is called upon frequently 
to exercise judgment in the location 
of exits. 

Current practice seems to favor in- 
closure of stairways, although many 
buildings having open stairways were 
observed. Open stairways in schools 
were found quite generally and seem 
to meet with the approval of the school 
superintendents interviewed. Many de- 
partment stores and hospitals had open 
stairways, but those of more recent con- 
struction were inclosed. The use of fire 
doors in inclosed stairways was quite 
general, although some wood doors 
were found. One hotel-chain executive 
expressed a preference for wood doors, 
his reason being that smoke causes more 
loss of life in hotels than fire and the 
wood door, fitting the opening more 
tightly than the metal door, prevents 
the entrance of smoke into the stair- 
way to a greater degree. 

Fire escapes were seldom observed 
on new buildings, although their use 
was quite common on the older build- 
ings. While not favored by all the 
building officials, they seem to be the 
only solution to the problem of pro- 
viding adequate exits with a minimum 
of expense in the old buildings. Sev- 
eral high buildings recently built were 
found equipped with inclosed spiral 
slide escapes. In some cases these were 
provided in addition to the required 
stairways, and in others they replaced 
one of the required stairways. While 
no evidence was obtainable in regard 
to the efficiency of these particular 
escapes, it would seem that a better 
lighting of the interior would make 
them appear a less hazardous form of 
descent to the inexperienced. The open 
type of exterior slide escape was ob- 
served on several schools and has 
proved efficient in fire drills, according 
to one building official. 

Fire towers and horizontal exits were 
not common, the use of the latter being 
confined principally to hospitals. Where 
additions had been made recently, the 
new fire-resistive wing was usually con- 
nected to the older portion by a hori- 
zontal exit. Stairways that discharged 
directly into a street were in the min- 
ority, the usual practice being to locate 
them within the interior of the building 
and discharge to the street through a 
corridor or lobby. Although many 
codes require such corridors and lob- 
bies to be protected, no such construc- 
tion was noted on the survey. The 
usual practice was to utilize the cor- 
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SOME AVERAGE FIGURES DEVELOPED BY THE SURVEY OF 
BUILDING-EXIT PRACTICE 
Percentage of Buildings Having! Aver. Floor 
a Area Served Aver. Width Aver. Max 
Occupancy Type of or More by Stairway.| of Stairway Distance 
Construction | Stairway Stairways Sq. Ft In to Exit, Ft 
Office Buildings Fire-resistive 55 45 8.000 45 8 
Hospitais Fire-resistive 10 90 2.700 43 77 
Hotels. Fire-resistive 7 93 6.500 42 88 
Dormitories. Fire-resistive 100 2.540 48 53 
Apartmerts... _ | Fire-resistive 15 85 4,200 42 63 
Apartments... . Non-fire-resistive 32 68 2,550 40 38 
Schools... Fire-resistive 6 94 8.700 55 63 
Stores... . Fire-resistive 30 70 8,900 59 106 
Factories. . Fire-resistive 44 56 10,500 50 86 
ridors and lobbies for show-window ing obstructions of any nature in the 
display, cigar booths and shop en- exits. The successful enforcement of 
trances. Sprinkler protection in these such provisions is exceedingly difficult, 


locations was unusual. 
Obstructions and marking 


As a general rule, the exits had a 
distinguishing mark of some character 
to indicate their function. Some had 
a legend painted on the door, others 
had colored lights over the door or were 
equipped with a lighted exit sign. Di- 
rectional signs indicating the location 
of the exit were found very infre- 
quently, their absence usually requiring 
an extended search for the exit when 
the building was of any considerable 
area. Floors were seldom designated 
on the interior of the stairways, This 
makes it difficult for persons not famil- 
iar with a building to determine when 
the street floor has been reached, and 
in the confusion incident to a fire in 
such buildings serious consequences 
might be caused by the failure to mark 
properly the street level. This is espe- 
cially true in buildings in which the 
stairway extends to a basement. 

Most codes contain provisions requir- 
ing maintenance of exits and prohibit- 


according to the building officials. 
Ample evidence of this fact was appar- 
ent on the survey. The obstructions 
found included exposed radiators and 
piping on stair landings, projecting 
chimneys, incinerators and _ structural 
members in the stairway inclosures, and 
materials and receptacles of all sorts 
stored in corridors, on stairway land- 
ings and in stair halls. In many cases 
this storage of material had greatly re 
duced the width of the passageway and 
offered a serious obstruction to traffic 
in the event of fire, in addition to the 
fire hazard of the material itself. Self- 
closing fire doors were found held in 
the open position by the use of wedges, 
and in one department store the fire 
doors had been removed entirely at 
the sales basement level, possibly to 
facilitate traffic but certainly defeating 
the purpose for which they were in- 
stalled. Doors leading to roofs were 
frequently found locked, and in one fine 
department store the exit leading to the 
exterior from the stairway serving the 
upper stories was securely padlocked. 





L. & N. Railway Builds New Bridge 


Over Tennessee River 


HE NEW BRIDGE over the Ten- 

nessee River at Danville, Tenn., co:n- 
pleted by the Louisville & Nashville 
Railroad, consists of five 200-t. through- 
truss spans, a 177-ft. through-truss span, 
a 74-ft. through plate-girder, and a ver- 
tical-lift span of 294 ft. Warren-type 
trusses with verticals are used. The 
structure replaces an old bridge at an ad- 
jacent location and includes a number of 
special features, according to an article 
in the June 17 issue of Railway Age. A 
departure from usual practice is the intro- 
duction of collision struts between the 
end posts and the intersection of the hip 
verticals with the bottom chord. In the 


lift span an ingenious scheme was intro- 
duced for taking up slack or otherwise 
adjusting the length of the operating 
cables. Instead of being attached directly 
to structural members at the tops of the 
towers, the upper ends of the operating 
cables are secured to drums that may be 


wound or unwound manually in small 
amounts by applying a large wrench at 
the end of a worm that engages a gear 
attached to the drum shaft. To increase 
resistance to corrosion, the top-flange 
angles or coverplates of stringers and 
floor beams, the stringer lateral system. 
portals and the bottom struts of the sway- 
bracing are made of copper-bearing steel 
with a minimum of 0.2 per cent of copper. 
Finally, the tops of all floor beams and 
stringers were covered with creosoted 
protection timbers sheathed with gal- 
vanized metal. 

The project was executed under the 
general direction of W. H. Courtenay, 
chief engineer, G. R. Smiley, assistant 
chief engineer, and J. M. Salmon, bridge 
engineer. The substructure contract 
was held by the Dravo Contracting Co., 
Pittsburgh, and the superstructure con- 
tract by the Virginia Bridge & Iron Co., 
Roanoke, Va. 
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NEW PLANS FOR THE MISSISSIPPI 


Recent Investigations of Bank Revetment 
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Last of a Series of Eight Articles ws * 
44 Fs 
Report of underwater survey of existing revetment—Submerged ¥ 


groins inadequate—Hot-mix asphalt mats laid successfully— 


Riprap revetment tests indicate practicability of certain types 


LTHOUGH employed for half a 
A exis to armor the scouring 
banks of the lower Mississippi 
River, and despite the fact that mate- 
rial advance in durability and economy 
has been made during the past ten 
years, revetment still remains a device 
of great cost and uncertain life. The 
cost and life considerations have been 
of increasing concern to river engineers 
in the last three years in which the 
present Mississippi flood-protection 
project has called for a bank-protection 
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fig. 1—Sketches indicating types of sub- 

merged groins constructed for experimental 

purposes on shallow stable bank and deep 
caving bank. 


program beyond all precedent. Ex- 
perience, it was realized, called for new 
planning if justification was to be pro- 
vided for the enormous expenditures. 

In the river south of Cairo, Ill, revet- 
ment until the last three years has been 
almost the only bank protection em- 
ployed. Beginning- with the fish-pole 
mats laid down in New Orleans harbor 


Fig. 2—Diagram of experimental plant for 
molding and sinking reinforced-asphalt mat 
revetment in New Orleans harbor. 
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in 1878, revetment structure has pro- 
gressed through various forms of brush 
and timber mat to the four standard 
types recently in use. All the older con- 
structions have virtually ceased to exist 
in Mississippi practice except for oc- 
casional and special purposes as, for 
example, the board mats for holding 
banks along the lines of permeable 
dikes. 

The four standard types of revetment 
now in service, some of which are still 
existing practice on the lower Missis- 
sippi, have been fully described in En- 
gineering News-Record as _ follows: 
Framed willow mat, May 1, 1930, p. 
720; fascine mat, July 2, 1930, p. 4; 
articulated concrete-block mat, Dec. 25, 
1930, p. 996; and articulated concrete- 
s'ab mat, April 14, 1932, p. 554. 

Practice in both the design and con- 
struction of all these types of revetment 
has been standardized and highly per- 
fected in equipment and methods. Con- 
struction economies, it may be said with 
reason, have reached about the maxi- 
mum possible for the types and qualities 
of revetment constructed. While all the 
types named are standard, practice in 
the last two or three years has shown 
a trend toward further simplification. 
Willow mats of both types are being 
limited in use because of increasing 
scarcity of materials and because they 
are more expensive and less durable 
than concrete. Of the two types of 
concrete mat, the articulated-block type 
has increased in favor until the slab 
type is going out of use. In the last 
two years articulated-block mat has 
been greatly improved in strength and 
tightness by the use of larger and 
heavier blocks, fewer and closer joints, 
heavier metal ties and corrosion-resist- 
ing wire and cable. 

The expenditures for bank revetment 
on the Mississippi from 1881 to 1931 


for cooling 


_ Perforated pipe spray for 
cooling upper surface of mat 
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Friction rolls for 
launching cables 





Tension device for- 
stretching wire mesh 
reinforcing 









inclusive, according to official 1 

has been $89,246,930. Of this an 
$33,735,000 was spent prior to |) 1x. 
which may be taken as the year 
modern revetment practice bec: 
stabilized. In this period, 1918 to 13) 
inclusive, 501,790 ft., or about 95 ; 

of revetment was constructed at a 

of $32,545,924; the cost per bank- 
averaged for each year, ranged 

$46 to $96, and averaged for the four: 
years $64.86. Maintenance in 
period cost $22,966,006. The grand-t 
expenditure was therefore $55,511,931) 
$584,336 a mile of bank protected. | 
struction expenditures during fourt: 
years have ranged from $242,880) 
$506,880 a mile of bank and have a\ 
aged $338,200. 

Bank-mile costs are indefinite becau 
of varying widths of revetment. Co: 
pared on the basis of the square (|| 
sq.ft.) as a unit, the costs and assum 
life periods of various types of rev: 
ment are given as in the accompanyii: 
table in a report dated May 7, 1932, ' 
the chief of engineers by Brig.-Gu 
T. H. Jackson, president of the Missi- 
sippi River Commission. The tabula 
costs are based generally on 1931 work 
for which costs ran materially below th 
averages of preceding years since 191% 
Monolithic-concrete upper-bank pav: 
ment will cost about the same per squar: 
as articulated-block mat of the lowes: 
costs given in the table. 


Fig. 2—Appearance of asphalt mat as it 
passes over launching apron into the water. 
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COST OF MATTRESS 
PER SQUARE OF 100 SQ. FT. 


FOR REVETMENT 
OF B 


ANK PROTECTION 











First Effective Annual 

Type Cost! Life in Years* Cost® 
Improved 1932 design articulated-concrete mattress. ote $10. 50* 25 $0.42 
Improved 1930 New Orleans articulated-concrete mattress 17. 825 15 1.19 
Orizinal Vieksburg articulated-concrete mattress 10.70 10 1.07 
Framed-willow mattress salah 17.218 10 1.72 
Sjab-conerete mattress 10. 38 8 1.30 
Fascine-willow mattress 16.04 8 2.00 
Woven-willow mattress 9.00 - 2.25 


‘Based upon 193! work except when otherwise noted. 


That period of time during which the mattress retains its integral continuous structure and is capable 


of resisti 
survey. 


‘Derived by dividing first cost by effective life. 


‘e of most recent types estimated. 


Maintenance is ignored. 


the direct continuous attack of the river. Based upon observations made during underwater 


Maintenance will vary from 


5 to 10 per cent per year for all types except the first two, on which it will be very much less. 


‘Estimated on basis of average 1931 experience with articulated-concrete mattress in Memphis District 


‘Cost out of line because of small volume of widely scattered work. 


capacity actually placed only 17,000 squares. 


Large plant with 200,000-square 


«Cost for 1930 work. Is out of line as compared with fascine-willow mattress because of small volume. 


"Estimated on basis of experience with other willow mattress. Last mattress of this type was built in 1893 


Costs have been given somewhat cir- 
cumstantially, as they point rather 
directly to the reason that has influenced 
the energetic study of the last two years 
of revetment economics. Action has 
been largely in two directions: (1) 
reduction in construction cost of the 

‘standard revetment types; and (2) 
search for substitute types or structures 
that will reduce investment and be more 
enduring. As a preliminary to new 
study a comprehensive survey was made 
of revetment in place. Incidentally, this 
survey of river revetment is the first 
ever conducted on a _ comprehensive 
scale. 


Scope of revetment survey 


The function of bank revetment on 
the Mississippi is to prevent subaqueous 
scour. Other objectives follow or are 
a coodinate element of scour prevention, 
but they are distinctly resultant objec- 
tives or elements. The scour area of 
the river bank, as considered in revet- 
ment protection, extends from the bank 
top into the river to the deep water of 
the lowest contours of the channel valley 
or thalweg of the river. At bankfull and 
flood stages all of this bank width, and 
at the lowest water stages a large part 
of it is subject to the current action of 
flowing water. Revetment then is 
underwater structure, and largely it is 
underwater construction. The purpose 
of the survey was, as indicated by these 
facts, the determination of: (1) the 
river influences affecting revetment 
structure and materials and the nature 
of the effects; (2) the revetment design 
and construction factor influencing 
durability; and (3) the life values of 


various types of revetment in service. 


Its scope inchided investigations of 538 
sections of revetment at some 30 loca- 
tions on both banks of the river for 980 
miles from Cairo to New Orleans. 

The examination was made between 
Aug. 7 and Nov. 13, 1931, by trained 
divers who traveled over each revet- 
ment along instrumentally located paths 
and reported by telephone to recorders 
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Fig. 4—Diagram of arrangement of flume 
beds and types of riprap for laboratory 
tests of riprap revetment. 


above water the facts found as the 
examination proceeded. The exact posi- 
tion of the diver was known as he re- 
ported, and it was recorded with his 
remarks. All records were accurately 
plotted in comparison with the plots of 
the original position of the revetment 
when constructed. The record when 
completed was of enormous volume, and 
only salient findings are possible of 
mention here. 


Agencies affecting revetment 


The action of the river on revetment 
as determined by the survey divides into 
effect on revetment material and effect 
on revetment structure. In the survey 
the condition of materials was deter- 
mined both by bringing samples to the 
surface for examination and by ascer- 
taining by underwater examination 
where and for what reason the func- 
tional integrity of the material had been 
destroyed. Condition of structure was 
ascertained by underwater determination 
of the position and structural integrity 
of the revetment mat. Slips, settle- 
ments, bends, punctures, breaks and dis- 
appeared parts were recorded, and the 
reasons for each, as far as possible, were 
determined. These records, interpreted 
with the collateral information given by 
soundings and continued observation of 
river and bank action, gave the data 
for defining the causes of failure. 

The agencies affecting revetment 
material were found to be corrosion, 





abrasion and natural deterioration of 
quality. These effects were briefly as 
tollows: 

Corrosion—All types of revetment, 


both willow brush and concrete blocks 
or slabs, are bound together or articu- 
lated by steel strand (rope) or wires, 
which are exposed. It was found that 
corrosion of iton and steel not buried in 
silt in Mississippi River water is not 
materially slower than above water, and 
it is probably much faster. Embedded 
in silt, these metals corrode slowly. 
Galvanized strand of several wires—i.e., 
wire rope—rusts away completely in 
three to ten years. Commercial-wiped 
galvanized coatings are worthless as 
protection against corrosion. Large 
wire of equal breaking strength to cable, 
or strand composed of small wires have 
a longer life in water. 
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Trosion ac- 
counted for by earlier manutacturing 
defects now corrected; otherwise they 
are in good condition after six years of 
use. Silicon bronze wire after twenty 
years indicated virtually no corrosion. 
No evidence was found of any special 
electrolytic corrosion. 

Abrasion—Abrasion equals corrosion 
as a destructive agency. It results from 
the rubbing together of the mattress 
parts and from the eroding action of 
sand and other materials carried into 
contact with the revetment structure by 
the current. The brush parts of willow 
revetment are particularly damaged by 
cutting, but this action also affects the 
metal parts at junctions and _ intersec- 
tions. Abrasion of concrete parts of 
revetment was insignificant. Wire ties 
and the wood of willow mattress have 
been widely cut through and separated 
from the mat structure. 

Change in Material—Concrete showed 
no material disintegration or loss of 
quality. Willow, however, showed a 
rapid loss in quality, changing within 
three years from a stringy resilient 
material capable of enduring repeated 
hending to a brittle dead wood breaking 
easily when bent. The rotting of the 
leaves and smaller twigs also loosened 
up the mat and increased the opportuni- 
ties for corrosion and abrasion. 

The factors responsible for the de- 
struction of revetment considered as a 
structure were found to be scour, bank 
sinking, improperly prepared bank or 
emplacement and structural weakness. 
Scour of the bank material out through 
the covering mattress and undercutting 
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Fig. 5S—Revetment of irregular blocks 
broken from 3x3-ft.x3-in. concrete slabs as 
laid on 1 on 3 bank ready for test. 


scour at ends and outer edge are the 
chief destructive agencies acting on 
revetment. Such scour or bank sinking 
leaves unsupported edges, holes and hol- 
lows under the mat and often steepens 
the bank slope. The results are that the 
mat is dislocated by sliding, the under- 
mined edges break off and settlement 
into holes and hollows pulls the mat 
apart. Scour through the mattress is 
chiefly of interest in its bearing on 
revetment construction. It results from 
seepage outward through the bank of 
groundwater, but more extensively from 
the suction by turbulent current of bank 
material through the interstices of the 
mat. 

Both inherent structural weakness and 
unavoidable construction faults were 
found to have been the cause of many 
failures. Another considerable destruc- 
tive cause has been insufficient bank 
preparation, particularly failure to re- 
move snags, stumps and other protuber- 
ances under water. 


Conclusions from survey 


Based on the survey, the following 
conclusions were reached concerning the 
effectiveness of the several types of 
revetment : 

1. Willow-fascine mattress — Both 
willows and steel wires and cable have 
a short life. The mattress fails in as 
short a time as six years and rarely 
lasts ten years under direct attack. 

2. Willow-frame mattress—This con- 
struction is more impermeable and dur- 
able than fascine construction. It has 
little exposed metal, the willows are 
better compacted, and individual wil- 
lows are nailed in place. The mattress 
fails under direct attack in about ten 
years. 

3. Concrete-slab mattress—The slabs 
cannot be assembled in proper order 
under water. The mat is highly per- 
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meable even if assembly were possible. 
The cables rust away in about ten years, 
leaving a disordered array of ineffective 
slabs: the concrete slabs remain in good 
condition. 

4. Articulated concrete-block mattress 
—This construction has gone through 
three stages of improvement. The orig- 
inal Vicksburg construction is unsatis- 
factory because of the short life of 
cables and wires; it falls apart under 
direct attack in about ten years and be- 
comes an aggregation of unassembled 
blocks with the concrete still in good 
condition. In the New Orleans con- 





Fig. 6—Isregular broken-slab revetment 
after 4-hr. 55-in. test run, showing dis- 
placement and base erosion. 


struction, developed from the original, 
longer life was sought by larger wires 
and stronger fastenings; the assumed 
life is more than fifteen years. A 
further improved construction in 1932 
strengthened the mattress by the use of 
heavier blocks and metal connections 
and protected steel. The “expected 
effective life” is at least 25 years. 

In general, the investigation disclosed 
that revetment has shown insufficient 
impermeability, flexibility and longi- 
tudinal and transverse tensile strength. 
In willow construction the deterioration 
of material was found to be general. 
As indicated, the latest articulated con- 
crete-block revetment has been mate- 
rially improved in all of these respects. 
In addition, exceptional experimentation 
has gone on in a search for new types 
of revetment or substitute structures for 
holding caving banks. 


Submerged groin experiments 


One of the first of the new devices 
experimented with was submerged 
groins, one set constructed on a stable 
bank in shallow water with light cur- 
rents near New Madrid, Mo., and an- 
other on a caving bank in deep water 
with swift current near Happy Valley, 


Tenn. Two types of groin wer 
one trench filled with rock and th: 
with a row of steel sheetpiles. T} 
types are indicated by Fig. 1. i] 
cases the groins were built norm | ¢ 
the bank, from bank top out t 
water, with their tops flush wit 
bank slope. They were spaced « 
ently for observation from 50 to 2) ) j; 
apart. The cost of construction at \e\ 
Madrid was $19 per linear foot for pile 
and $22 per foot for rock groin. 
Happy Valley the pile groin cost $2, ; 
linear foot. At New Madrid the egroins 
remained intact two years after 
struction, but those at Happy Vi ley 
were soon destroyed except for 
nants that were afterwards remove: 


Asphalt-mat experiments 


The most promising field experin 
with mat revetment has been the co 
struction and laying of a wire-reinforced 
asphalt-mastic mat in New Orleans 
harbor. These experiments have con- 
tinued about a year, beginning with 
tests of asphalt mixtures for flexibility, 
strength and low cost. The mixture 
selected consisted of 66 per cent sand, 
22 per cent loess and 12 per cent of 
asphalt. This in sheets withstood re- 
peated bendings without fracture. 

The method of fabricating the mat i; 
indicated by Fig. 2. As shown, the 
reinforcement (about 2x4-in. mesh with 
the strips laced together at the edges) is 
led from the reel over a steel molding 
deck. The procedure is similar with the 
mooring cables. With the steel in place, 
the asphalt mixture at about 250 deg. i 
deposited so as to embed the steel in the 
middle of the 2-in. slab. Hand methods 
were used in the experiment for placing 
and compacting the asphalt. With the 
slab finished it is cooled by water sprays 
to about 100 deg. and slid down the 





Fig. 7—Regular block revetment after 4-hr. 
55-min. test run, showing displacement 
and base erosion. 
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apron of the molding deck, exposing a 
new area of steel for embedment. The 
process of molding and launching is con- 
tinuous. As the mat reaches bottom 
and spreads out the molding scow is 
moved outshore. 

The plant indicated and the pro- 
cedure described were wholly experi- 
mental to determine the practicability 
of the new revetment. A working plant 
now being built consists of a group of 
barges used for the preparation and 
sinking of the mats. There will be a 
machinery-equipped barge where the 
asphalt will be mixed; the mattress 
barge on which the various sections of 
the mat will be constructed; the supply 
barges for the sand and the loess; a 
mooring barge equipped with cables to 
pull the whole plant upstream, and the 
string-out barges that keep the mattress 
barge from shifting position with the 
current. 

The sand, loess and asphalt will be 
mixed on the mixer barge and will be 
sent in a screw conveyor to the mattress 
barge. The mattress barge will meas- 
ure 260 by 50 ft., and each launch (or 
section) of the mattress will measure 
218 by 30 ft. 

The trial plant and operation have 
given sound encouragement that the 
new revetment is practicable and prob- 
ably cheaper than concrete revetment. 
Its durability has yet to be determined. 
One fact in its favor is that none of the 
reinforcing or carrying cable steel is 
exposed, and there are no joints to 
permit scour of bank material out 
through the mat. 


Flume tests of riprap revetment 


To obtain indications of the behavior 
of covering and base material with rip- 
rap-type revetment, two sets of flume 
tests have been conducted at the U. S. 
Waterways Experiment Station at 
Vicksburg, Miss. One was a test of 
reduced-size molded tetrahedral blocks 
of concrete, and the other was an undis- 
torted test of rectangular blocks and of 
irregular blocks produced by breaking 
concrete slabs. In both tests the blocks 
were set on bases of various materials. 

Tetrahedral Block Test—Thé blocks 
“were molded 10x5 in. to simulate 50-Ib. 
blocks for actual construction. These 
blocks were deposited by dropping them 
5 ft. on base material with a lateral or 
bank slope of 1 on 3. The bank mate- 
rials were sand, gravel and clay placed 
in about 40-ft. sections with approach 
and exit sections of concrete-paved bank 
in a flume 165 ft. long and 34 ft. wide, 
with a longitudinal slope of 0.001. The 
riprap material was subjected to veloci- 
ties of 3 to 5 ft. at depths of 1.5 to 1.86 
ft. The runs were five hours long, an: 
twelve runs were made. ; 

The series of runs indicated in gen- 
eral close nesting of the blocks and little 
movement down the bank slope. It was 
concluded that the tractive force re- 
quired to move a 50-lb. block longitud- 
inally was greater than that of any 


Mississippi River current. The cover- 
ing remained stable on clay and gravel 
bank; the sand bed leached out between 
the blocks, allowing settlement. Using 
small blocks to seal voids proved less 
effective than gravel fill. The flume test 
gave no indication of possible bank 
undercutting at the edge of the covering. 

Riprap Tests—The significant feature 
of these tests is that natural sizes and 
conditions were reproduced. The treat- 
ment was the same material, the banks 
were of the same slope, and the bank 
materials were those found in Missis- 
sippi banks. The flume test was there- 
fore less a model test than a test of a 
section of full-size structure. The ar- 
rangement and materials for one set are 
indicated by Fig. 4. In the other set 
the blocks laid on a sand bank were 
subjected to exceptionally swift currents. 

Briefly the revetments were: (a) 
mattress blocks with spacing gradually 
widening from in. at one end to 14 in. 
at the other end; (6b) broken blocks 
spaced from 4 to 3 in.; (c) sand pen- 
etrated with sodium silicate and calcium 
chloride; (d) mattress blocks as in a 
spaced 2 to 24 in. on a 1 on 3 sand 
slope. On a, b, and c the run was 4 hr. 
55 min., with velocities from 1.56 to 4 
ft.; on d the run was 44 min., with 
velocities varying from 6 to 7 ft. A 
summary of the results is as follows: 
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That reach of revetment where the 
spacing between blocks was } to 23 in. 
showed little erosion of the silt; con 
siderable erosion occurred where the 
spacing was from 6 to 14 in. Revet- 
ment b failed to protect the bank against 
erosion, which was deepest on the sand 
base. Treated sand, section c, com- 
pletely failed. Under velocities reach- 
ing 7 ft. d revetment failed in 44 min. 
Knowledge of revetment behavior and 
of the various causes contributing to 
revetment deterioration has been mate- 
rially extended by the surveys and ex- 
periments conducted in 1931 and 1932. 
The possibility has been demonstrated 
of producing from hot asphalt mix a 
continuous mat that can be molded and 
submerged at about the speed of assemb- 
ling and launching articulated concrete- 
block mat. Tests of riprap revetment 
indicate a degree of stability that en- 
courages actual trial of this type of pro- 
tection, and plans are now being worked 
out for a_ tetrahedral concrete-block 
casting plant. Experimental bank paving 
with these blocks is contemplated. In 
the tentative plan the blocks will be 
graded in size from large blocks at 
deepest water to smaller blocks at the 
bank top. This arrangement is based on 
the principle that tractive force increases 
with depth of flow and requires the 
heaviest blocks in the deepest water 





Ohms of Resistance 
Measure Concrete Curing 


Tests of cement-spray method of curing concrete 
pavement introduce method of measuring cur- 
ing efficiency by determining electrical resistance 


By Searcy B. Slack 


Decatur, Ga. 


surface of concrete pavement for 

curing has been proposed by F. A. 
Hipple, Atlanta, Ga., and tried out on 
a concrete-paving job under the direc- 
tion of the state highway board of 
Georgia. The process consists essen- 
tially of spraying the surface of the 
concrete, just after finishing, with a thin 
layer of neat cement paste. The claim 
is that the fine particles of cement will 
be driven into the surface pores of the 
concrete and will serve both to close 
these openings and to harden the sur- 
face of the concrete. As the surface is 
sealed with this paste the moisture will 
be retained and cure the concrete, and 
the concrete will not in the future absorb 
moisture so readily. 

The machinery for applying the ce- 
ment spray consisted of a small air com- 
pressor and a mixing tank. In the mix- 
ing tank there was an agitator for keep- 
ing the cement paste of uniform con- 


A\szsace METHOD of sealing the 


sistency. About 45 lb. of air pressure 
was used to force the cement paste out 
of the mixing tank through the hose 
and nozzle. At the nozzle the cement 
paste was broken up into a fine spray 
by a stream of compressed air. The 
method of application, the mixing tank 
and air compressor are all shown in 
Fig. 1. The amount of cement used 
was one sack for each 100 sq. yd. of 
surface sprayed. Too heavy an applica- 
tion would cover the surface sand grains 
and give a slick surface, while too little 
would not properly cover the surface. 

The concrete pavement on which the 
tests were carried out was the usual 
9-6-9-in section with doweled longi- 
tudinal center joint and transverse ex- 
pansion joints at 50-ft. intervals. The 
aggregates were quartz sand and crushed 
granite proportioned by weight for ‘a 
mix approximating 1:2:34 (1.45 bbl. 
cement per cubic yard of concrete). 
Curing on all of the project except the 
test sections was by covering the con- 
crete just after finishing with wet bur- 
lap, which stayed in place about 24 





hours. As soon as it was removed the 
pavement was covered with a 3-in. 
layer of earth and kept wet for ten days. 

The sections on which the tests were 
carried out were all constructed during 
the first week in June, a very hot dry 
week. On Monday, Wednesday and 
Thursday the pavement was cured by 
earth and water in the usual way. At 
the beginning of each day’s run during 
this week a section 100 ft. long was 
cured by covering with wet burlap for 
24 hours with no further curing. 

Four cores 6 in. in diameter were 
bored from each long section, and two 
cores were bored from the 100-ft. sec- 
tions. All cores were bored when the 
concrete was 28 days old and were 
tested the same day they were bored. 
The averages of the results of the com- 
pression tests on these cores are as 
follows: 


Lb. Per Sq. In. 


Cured by earth and water 
Cured by cement spray ...... 2,961 
Cured by wet burlap 24 hours.. 2,716 


Another method of comparing results 
of the different methods of curing was 
used on this project. It is generally 
assumed that an effective cure holds the 
moisture in the concrete. The electrical 


‘Cured with 
cement spray 


June 


Engineering News-Record — August 


Fig. 1—Equipment for and method of 
spraying cement paste om concrete pave- 
ment (left) and apparatus for measuring 
electrical resistance of concrete (right). 


resistance of concrete varies with the 
amount of moisture, the resistance being 
low for moist concrete and high for dry 
concrete. A measurement of the elec- 
trical resistance of the concrete would 
then give some measure of the moisture 
and hence of the curing. 

The resistance measurements were 
made between points 3 ft. from the edge 
of the pavement and 3 ft. apart. Quite 
a number of points were used in each 
section, so that the average would be 
fairly representative. Two methods of 
getting contact with the concrete were 
tried: the first, by using electrodes made 
from strips of galvanized iron 4 in. 
wide and embedded in the concrete 2 in. 
This method was not satisfactory, as 
the electrodes were hard to place uni- 
formly and would be kicked loose by 
persons walking on_the concrete. The 
second method of making contact was 
by two 4x4-in. wood blocks, one end of 


Fig. 2-— Electrical-resistance curves ob- 

tained om concrete pavement cured by 

three methods, one being a spray coat of 
cement paste. 


| 
| 
‘ 





which had been covered with sheet 
per and the sheet copper covered \ 
layers of cheesecloth. The cheesec|: 
was dipped into a solution of salt wat 
and placed on the surface of the pay 
ment. The cloth would take up irreg 
larities in the surface and through t! 
salt water give good contact with t! 
copper plate. Reasonably uniform r 
sults could be secured with contact 
made in this way. 

In measuring the resistance of the se 
tions being cured with earth and wat: 
the pavement was uncovered for som 
distance on each side of the points lb 
tween which the measurements were t 
be made. The surface of the concret: 
was allowed to dry out until no suriac: 
moisture showed, before the measur: 
ments were taken. 

The results of these resistance meas 
urements on three of the sections cured 
by different methods are shown in the 
curves Fig. 2. These curves are typical 
of the results on other sections. It is 
interesting to note the effect of the 
heavy rain that fell during the aiter- 
noon and night of June 9. These re- 
sults indicate that a resistance method 
of measuring moisture in concrete, or 
curing, has interesting possibilities. 





—+Cured with burlap pineal 
and water for one day | 
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Record Floods in Colorado, 


Wyoming and Arizona Formulized 


By Paul V. Hodges 


Hydrographic Engineer, 
United States Indian Service 


tics of the principal streams in 
Colorado, Wyoming and Arizona 
have been analyzed from existing flood 
data; and the relation of peak discharge 
to the various basin areas is presented 
in the accompanying formulas. Flood 
prediction for each stream is based 
primarily on the recorded floods from 
the same drainage basin. 
Flood discharges are usually repre- 
sented by a formula of the type Q=—=C A" 


'T t= FLOODFLOW characteris- 


S gs 


36 


LT AA 
YVAN 


ggg 


88 


ggeess 8 


Maximum Recorded Flood in Sec-Ft. per Sq. Mi. 
rm wh MBO 


2 345661 
Units Tens 


2 3456 81 
Hundreds 


comparative value in evaluating the 
flood-producing characteristics of differ- 
ent streams, and it has been used for the 
present study as a basis of comparison 
only. 

For a more comprehensive analysis 
such factors as the shape and configura- 
tion of the basin slope of the stream and 
storm characteristics of the locality 
should always be taken into considera- 
tion. 

Comparison of floods in the different 
basins shows that certain areas are more 
subject to excessive storms than others. 
Arizona and the eastern foothills of the 







171 


Records in the eastern half of the 
United States indicate that excessive 
storms cover an area about 15 miles in 
diameter, or about 180 square miles. In 
the arid West, rainfall stations are 
usually so far apart that the area cov- 
ered by excessive storms cannot be 
definitely determined. Local storms in 
this region, however, cover relatively 





Drainage areas applicable to the floodfiow 
formulas in the table. 


t+} small areas, but they occur often and 





there may be several local areas having 


(il intense precipitation at the same time. 





2 3456 81 


2 3456 81 
Thousands 


Ten Thousands Hundred 


Area of Drainage Basins 


showing the relation of the size of flood 
to the area of the drainage basin, with 
Q the discharge in second-feet, C a co- 
efficient, A the drainage area in square 
miles and an exponent. The formula 
is open to criticism on the grounds that 
there are other factors of importance 
besides the drainage area, which con- 
tribute to the characteristics of flood- 
flow. However, this type of formula has 


Comparison of flood formulas of principal 

streams in Colorado, Wyoming and 

Arizona. These formulas and others for 

lesser rivers and areas are presented in 
the table. 


Rocky Mountains are especially subject 
to cloudbursts, and small areas tributary 
to the Uncompahgre River in the south- 
western part of Colorado have intense 
storms. 


FLOOD FORMULAS FOR VARIOUS RIVER BASINS 


Map 

State Reference Stream Area Flood Formula 
1 Arkansas Basin = 2,140 Ae.s2 
Arkansas Leas than 500 sq.mi. = 4,780 A%.s 

subject to cloudburst 
CORN, |. cae 2 Colorado Basin Q= t41A.o 
Uncompahgre Small areas subject @ « 1,720 A®.% 

to eloudburst 

3 South Platte i Q = 3,240 Aon 
4 Big Horn, Powder and Cheyenne Basir = 759 Ae.se 
: 5 Green Basin 8 = 891) Ae. 
a Wyoming...» ........ 6 North Platte Basin g = 677 Ae 
North Platte Less than 200 sq.mi. = 1,120 Ae 

subject to cloudburst 
TI. ois tvs seduté { 7 Gila Basin = 4,600 Ae. 
8 Colorado and Little Colorado Basin = 6,170 A%.% 


2 345681 
Thousands 


The flood formulas for the various 


4 basins in each state are given in the 
H table, and the corresponding areas are 


indicated on the sketch map. As a 
means of comparison of characteristics, 
the principal basins have been com- 
pared by plotting the flood formulas on 
logarithmic paper. In addition, the 
modified Myers formula, Q==5,000 \/ A 
for 50 per cent maximum floods ( Trans- 
actions, Am. Soc. C. E., Vol. 89, p. 995) 
is shown to give a relation between the 
formulas derived and a general formula. 


Future floods 


The prediction of future floods must 
of necessity be based on floods of record, 
and the most reliable basis consists of 
the records in the same basin as that of 
the river under investigation. The 
formulas presented give some basis for 
comparison of the probable maximum 
floods to be expected for the different 
basins. Each stream is a_ separate 
problem, requiring separate analysis 
and, while general formulas are useful 
as comparisons, they are of liniited value 
in determining future floods. Formulas, 
when used, should be derived from areas 
of similar characteristics and applied 
only to such areas. 

This article is based on the flood 
record data of the U. S. Geological 
Survey. 
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Preserve the Landmarks! 


Great losses now incurred by the destruction of survey monu- 
ments and benchmarks can be reduced by care in setting perma- 
nent marks for all surveys, thoroughness in tying survey systems 
together and popular education on the importance of landmarks 


By William Bowie 
Chief, Division of Geodesy, U. 8. Coast and 
Geodetic Survey. Washington, D. C. 


appeared in the report of the 

land-surveying committee of the 
Corporation of British Columbia Land 
Surveyors a few months ago: “It is a 
strange matter that every material thing 
except a surveyor’s landmark seems to 
belong to someone. The accumulated 
cost of establishing landmarks in the 
past must be terrific, and yet no one 
seems to claim ownership to them or to 
take any interest in their upkeep or 
preservation once they are set.” 

No doubt the losses resulting from 
the destruction of landmarks, not only 
in British Columbia but in other coun- 
tries, has been very great. In the 
United States millions of dollars have 
been spent in establishing the section 
corners of our public land surveys 
alone; yet how many of the monuments 
designating the section corners have 
been lost through the carelessness of 
man or the action of natural forces? 
For example, in highway construction 
section corners have been dug up in 
many cases, and often the witness trees 
and other marks that would enable the 
engineer to re-establish the section 
corners have also been destroyed. 


A SIGNIFICANT STATEMENT 


Carelessness and treasure-hunting 


The Coast and Geodetic Survey has, 
during its 117 years of existence, estab- 
lished tens of thousands of triangulation 
stations and level benchmarks over our 
land area and along our coasts. Many 
of these marks have been destroyed, 
some by erosion, others by industrial 
development, still others by carelessness 
or thoughtlessness on the part of engi- 
neers who were building roads or carry- 
ing along other engineering work, and 
many others have been destroyed by 
treasure hunters. In nearly every sec- 
tion of the country there are traditions 
that treasure has been buried, some of 
it by pirates and some by travelers who 
are supposed to have buried their 
treasures when they were attacked by 
Indians, and an obscure surveying mon- 
ument in the form of a block of con- 
crete or stone has often led the finder to 
think that treasure was buried under it. 
It was dug up and the survey station 
was lost in consequence. 

The Coast and Geodetic Survey and 
other federal mapping agencies are now 
using inscribed metal tablets for their 
survey monuments in order that any 








Figs. 1 and 2—Many history-making bound- 
ary lines are marked by substantial monu- 


ments. The Mason & Dixon line monu- 
ment neat Delta, Pa. (above), marked with 
the Lord Baltimore arms, is an example 
of how a famous line is fixed by permanent 
marks. Even more secure is Boundary 
Monument No. 1 of the 49th parallel 
boundary line between the United States 
and Canada on Point Roberts, Strait of 
Georgia (below). Its location is latitude 
49°00’ 08.03”, longitude 123°05’ 16.95”. 


one seeing them will know just what 
they represent; it is surprising to note 
the greater respect that is paid these 
monuments by the construction engi- 
neers than was given the obscure monu- 
ments that carry no inscription. Some of 
the states have passed laws protecting 
federal survey monuments from wilful 
destruction, and though it cannot be said 
that these laws are rigorously enforced, 
yet they do furnish a certain degree of 
protection to the monuments. Far bet- 
ter, however, would be an enlightened 
public opinion regarding the value of 
the monuments. 


It is interesting to note that land- 
marks have been the subject of legal 
action for thousands of years. Back in 
the time of Moses, 1500 B.C., the laws 
protected survey monuments. Moses 
commanded the Israelites to set up great 
stones and cover them with plaster as 
they passed over the Jordan into the 
promised land. On this plaster should 
be written all the words of the laws in 
order that the people might know what 
these laws were. One of the laws was 
to the effect, “Cursed be he that re- 
moveth his neighbor’s landmark, and 
all the people shall say Amen.” Job, 
in speaking of the wrongdoings of his 
people, listed the removal of landmarks 
as one of the reprehensible acts they 
committed. Solomon in his Proverbs 
said, “Remove not the ancient land- 
marks which thy fathers have set,” and 
again he said, “Remove not the old 


These Biblical quotations deal with 
the boundary marks of private property. 
There is nothing that causes more 
trouble to the owner of a piece of prop- 
erty than to have doubt raised as to the 
exact location of his land. He may 
wish to sell the land and give clear title 
to it, or he may wish to raise money on 
it. In each case he must be sure that the 
exact locations of his boundaries are 
known. His boundaries will be known 
if he has placed substantial monuments 
at their turns, setting the monuments in 
such a way that they are not likely to 
be disturbed by man or nature. He 
should, whenever practicable, tie in the 
boundary corners of his property to any 
horizontal control system that may lie 
near his land. The control survey may 
be a triangulation connected with the 
federal horizontal control net, or it may 
be a local survey based upon plane co- 
ordinates. In either case, if the 
spherical or plane coordinates of his 
boundary corners are known, then as 
long as two of the monuments of the 
control survey system remain undis- 
turbed he can relocate his boundary 
corners with the assurance that they are 
correct, 


The surveyor’s omission 


If the loss and destruction of survey- 
ing monuments of all classes in the 
country have cost enormous sums of 
money, the failure to monument survey 
work has cost probably more. It is sur- 
prising how much surveying is done in 
connection with engineering work of all 
kinds for which no survey monuments 
were left. The number of miles of 
traverse and leveling run in connection 
with surveying work of all classes, es- 
pecially in highway location, cannot be 
estimated, but the sum is enormous, and 
in most cases survey monuments are not 
placed as the work is done. The result 
is that a survey made for a special pur- 
pose cannot be utilized for other pur- 
poses. It is probable that a line of good 
leveling run through a county for a 
special purpose might be used, if prop- 


# 





Fig. 3—Work of the landmark vandal—a 

bake-oven in Florida built of stones that 

once marked triangulation stations in that 
vicinity. 


erly monumented, in hundreds of ways 
for scores of years. But if the first line 
of levels is not monumented, another 
must be run when a second special proj- 
ect is executed. 

There is no use crying over what it 
lost, but let us all see to it that some 
of the waste that has been suffered in 
the past does not occur in the future. 
Long-range plans should be made, and 
the result of the work that is done this 
year should be perpetuated for the years 
to come. 


Local landmarks often non-existent 


The Coast and Geoustic Survey and 
the U. S. Geological Survey, in carry- 
ing on their national work, write to of- 
ficials of states, counties and cities and 
tell of the routes along which they will 


Figs. 4 and 5S—Simple construction of a 

well-marked triangulation station. At right, 

a concrete monument cast in the ground, 

with upper part shaped by a metal form. 

Below, bronze disk marker set in top of 
concrete. 








extend triangulation and topographic 
mapping. They request data for exist- 
ing benchmarks, triangulation stations 
and traverse stations established by of- 
ficials of the political subdivisions of the 
country in order that they may be tied 
into the national nets. Such connections 
serve to expand the control survey nets 
of the country at no additional cost, and 
enable local control surveys to be used 
in the topographic mapping, thus mak- 
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ing it unnecessary to duplicate the 
existing control surveys. But in the 
majority of cases the state and local 
officials reply that they do not have any 
survey data of the kind requested! 

This condition, obviously, is most un- 
fortunate, for the lack of monuments on 
the original surveys means that the lines 
must be rerun, which costs money. The 
funds used for these resurveys could be 
used in making more topographic maps 
or control surveys if the original sur- 
veys had been monumented. 

However, conditions are getting bet- 
ter. A few decades ago the property 
owner was loath to give permission to 
the engineer engaged on surveys to 
enter his property for the purpose of 
setting a benchmark or a triangulation 
station; today he is glad to have such 
a mark on his land, for he realizes that 
the triangulation or traverse station can 
be used for perpetuating the boundary 
corners of his land and that the bench- 
mark right at hand makes it possible for 
him to carry on more effectively work 
that may involve draining or irrigating 
his land. It may be that the engineers 
engaged upon public surveying and 
mapping were to blame for the destruc- 
tion of many survey monuments; they 
may not have told the public just what 
they were doing and why. It is a very 
simple matter to carry the message to 
the public and let them know how the 
public surveys over their 


will 
benefit them. 


area 


Set permanent marks 


Let us pay heed to the exhortations of 
the patriarchs of thousands of years ago 
not to remove the landmarks, and at 
the same time let us do what they prob- 
ably did—that is, establish landmarks. 
The landmarks should not only be put 
in but they should be of such a char- 
acter that they cannot easily be dis- 
turbed. A small amount of concrete 
will make a mark, and to establish such 
a mark will cost an insignificant amount 
as compared with the cost of doing the 
survey work all over again. Elevations, 
positions, distances and bearings are the 
fundamental data needed in many proj- 
ects. The results of control and 
boundary surveys furnish these essen- 
tials, but only if the lines are monu- 
mented and the monuments respected 
and protected. 





Minnesota Highway 
System Expanded 


The Minnesota legislature has added 
4,400 miles. of roads to the trunk high- 
way system of the state, increasing the 
system to a total of 11,400 miles. The 
new routes added to the system include 
those passing through the three first- 
class cities, Duluth, Minneapolis and St. 
Paul. Heretofore, highway funds had 
not been available for use on the routes 
through these cities. 
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Castlewood Dam Failure 
Floods Denver 


Engineering News-Record — August 10, 1933 


Old structure of combined rockfill and masonry type is over- 
topped and half of it washed out by cloudburst flood, releas- 
ing flow of 16,000 sec.-ft. into the 10,000-sec.-ft. Cherry Creek 


channel running through Denver 


N THE MORNING of Aug. 3 
Oi: suspense of a generation of 

residents and business men along 
Cherry Creek in Denver was relieved 
and the predictions of some engineers 
and others were realized when the Castle- 
wood Dam situated on Cherry Creek 
35 miles southeast of Denver failed from 
the pressure of floodwaters resulting 
from a cloudburst above the dam. The 
entire east half of the dam, including the 
spillway, went out, leaving the west half 
standing. Between 7,000 and 8,000 
acre-ft. of water were involved in the 
flood. Fortunately, only two lives were 
lost; and while considerable damage re- 
sulted to farm lands, city and railroad 
property and to perishable goods stored 
in Denver warehouses, this damage was 
not so great as some had predicted it 
would be if the Castlewood Dam should 
ever fail. 

M. C. Hinderlider, state engineer ot 
Colorado, in reply to a telegraphic in- 
quiry as to probable cause states: 
“Castlewood Dam failure, following 43 
years of service, was due to unprece- 
dented runoff, estimated at from five to 
six thousand sec.-ft., topping dam to 
1-ft. depth over its entire length. Fail- 
ure doubtless due to erosion of lower toe 
of the spillway located over the top of 
the dam or to displacement of rubble 
masonry in spillway section, causing 
collapse of loose-rock fill composing the 
main body of the dam Consider no 
spillway of reasonable capacity would 
have been effective.’ 


Dam of unusual design 


The Castlewood Dam (Engineering 
News, Feb. 9, 1899, and Engineering 
Record, Dec. 24, 1898) was of unique 
design, consisting of a rockfill placed 
downstream from a masonry wall and 
paved with large masonry blocks. The 
upstream wall was about 4 ft. thick with 
a batter of 1:10. The downstream pav- 
ing was carried up in steps on a slope of 
about 1:1. The wall and paving were 
joined at the top to form a coping about 
8 it. wide and 4 ft. high. The length of 
the dam was about 600 ft. along the 
crest, and its maximum height was 70 
ft. above the streambed and about 92 ft. 
above the foundation, which consisted 
of a clay boulder formation. According 
to the drawings now available, the rock- 
fill rested directly on the boulder for- 
nation while the masonry walls up and 


35 miles north of the dam 


downstream were carried from 5 to 20 
ft. below this level. An overflow spill- 
way 100 ft. long and 4 ft. deep was pro- 
vided near the center of the dam and 
was supplemented by a 40-ft. bypass 
channel on the west side of the dam. 
A 6x73-ft. outlet well was provided in 
the center of the dam. Eight 12-in. 
inlet pipes at different elevations ad- 
mitted water to the well, from which 
it was conveyed by a 36-in. concrete 
conduit to the creek below the dam. 
The surface area of the reservoir 
created by the dam was about 200 acres, 
and the capacity was 3,500 acre-ft. Since 
the construction of the dam, the water 
impounded in the reservoir has been 
used to irrigate lands in the Cherry 
Creek Valley. 

Cherry Creek lies in the cloudburst 
region of Colorado, comprising the area 
along the foot of the Front Range and 
along the west side of the Plains, and 
the area in the Arkansas River basin 
between the mountains and the Plains 
region. The drainage area of Cherry 
Creek is about 450 square miles, all of 
which is above the city of Denver, the 
junction of Cherry Creek and the 


South Platte River being near the Union 
Station in Denver. About 175 square 


“miles ‘of the drainage is: above the 


Castlewood Dam site. Several floods 
have occurred in Cherry Creek, the most 
notable of which were those of May 19 
and 20, 1864, July 14, 1912, and the 
present one of Aug. 3, 1933. 


Flood damage 


It is reported that about a 46-ft. depth 
of water was in storage in the reservoir 
on Aug. 2 when heavy rains of cloud- 
burst proportions caused floods in Lake 
Gulch, Antelope, east Cherry Creek and 
main Cherry Creek above the Castle- 
wood Dam. At 1 a.m., Aug. 3, the water 
was running over the top of the dam, 
and at about 1:20 a.m. the dam failed. 
It is estimated that the water was about 
1 ft. deep on the crest of the dam when 
failure occurred and that about 5,000 
sec.-ft. were passing through the spill- 
way and over the dam at that time. The 
flood resulting from the failure of the 
dam reached the outskirts of Denver be- 
tween 5 and 6 a.m. and arrived at the 
state gaging station on the South Platte 
River at 19th St., about four blocks be- 
low the mouth of Cherry Creek, at 6: 10 
a.m. The peak of the flood passed that 
point at 7:55 a.m. with an estimated dis- 
charge of 16,000 sec.-ft. Below Denver 
the flood peak flattened rapidly so that 
very little damage was done to irriga- 
tion structures. 

Since the improved channel of Cherry 


Fig. 1—Castlewood Dam after noodwaters 
had swept the east half of the struc- 
ture, including the spiliway. The break 
reveals the rockfill core behind the stepped 
masonry downstream wall. The outlet well 
is shown at the break. At the far end of 
the dam is the bypass channel built to 
supplement the spillway. 
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Creek through Denver has a capacity of 
only about 10,000 sec.-ft., the flood sub- 
merged an area several blocks wide on 
either side of the creek. Property of the 
a estimated between $200,000 and 
$250,000. This consisted of the com- 
plete destruction of the bridges across 
Cherry Creek on Colorado Boulevard, 
Stout ‘and Champa Sts.; partial damage 
to the Logan St. Bridge; the destruc- 
tion of a foot suspension bridge across 
Cherry Creek; the flooding of the 
Sunken Gardens in the vicinity of 
Cherry Creek; and the undermining of 
some portions of the retaining walls that 
form the sides of the Cherry Creek 
channel through the city. Several leaks 
developed in water mains crossing the 
creek, but these were not serious and 
were quickly repaired. A telegraphic 
report from Walter H. Wheeler, con- 
sulting engineer, Minneapolis, who de- 
signed the flat-slab concrete bridges 
over Cherry Creek at Downing, Curtis, 
Market, Larimer, Colfax and Logan 
Sts., states that some hand-rail damage 
occurred at Downing, Logan and Mar- 
ket Sts., but that otherwise the bridges 
were undamaged. 

Considerable damage resulted from 
the deposition of mud and silt in the 
Union Terminal station and the com- 
plete flooding of the subway. Most of 
the railroad yards in the vicinity of the 
station were flooded. Several bents of 
the Denver and Salt Lake Railroad 
bridge across the Platte River were lost. 
Two bridges of the Burlington Railroad 
were partly destroyed. A large amount 
of material was lost from the yards of 
the Colorado and Southern Railroad. 

The flood inundated a considerable 
portion of the warehouse district of 
Denver, which lies along the lower por- 
tion of Cherry Creek. <A large amount 
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Cross-Section throughC-o 


of damage resulted from the submerging 
of perishable goods. It is believed that 
this damage will amount to at least 
$100,000. No buildings except a few 
small residences and other small build- 
ings were damaged to any great extent. 

While many of the grounds in the 
fashionable country club residential dis- 
trict were flooded, no great damage was 
done in this section. It is reported that 
about $5,000 damage resulted to the golf 
course and grounds of the country club. 


Fig. 3—Design details of the Castlewood 

rockfill dam in Colorado, built in 1889. 

After partial failure in 1897, earth em- 

bankment, shown in plan and elevation 

views, was placed against upstream face, 

mainly to stop leakage under masonry 
structure. 


Cross-Section through O-£ 








Fig. 2—Cherry Creek channel 


in Denver 
did not have great enough capacity to 
carry the flood. View shows the ware- 
house district under water and the Cherry 
Creek junction with the South Platte River. 


Damage to lands in the Cherry Creek 
Valley above Denver resulted from sand 
deposition and destruction of crops and 
fences. Many head of live stock were 
lost. 


Dam repaired in 1898 


The construction of the dam was be- 
gun in December, 1889, and was com- 
pleted in November, 1890. It was built 
for the Denver Land and Water Co. 
from plans prepared by A. M. Welles, 
its chief engineer. In Wegman’s “The 
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Design and Construction of Dams,” 
sixth edition, p. 277, it is stated: “The 
plans of the Castlewood Dam have been 
severely criticized, especially the fact 
that the inner face-wall, where only 4 ft. 
thick, overhangs the loose rockfill, its 
center of gravity falling outside its base. 
Eight years of service have, however, 
not yet shown any disadvantage result- 
ing from this feature.” 

Shortly after completion of the dam, 
settlement occurred which caused the 
opening of cracks in the rubble masonry 
face, causing leaks. Repairs were made 
in 1898 under the supervision of the 
state engineer and consisted of the con- 
struction on the upstream side of the 
dam of an earth embankment 8 ft. wide 
on the crest, with a slope of 3:1 faced 
with 12 in. of riprap. The outlet works 
were also extended by constructing a 
40-in. wood-stave pipe incased in a 12- 
in. shell of reinforced concrete from the 
valve chamber to the upstream toe of the 
embankment. 


Flood control studied 


From 1907 to 1911 and again in 1917 
much work was done to improve the 
channel of Cherry-Creek through Den- 
ver. Land was acquired, and an 80-ft. 
channel was designed and constructed, 
with reinforced-concrete retaining walls 
on each side. A boulevard was built 
along one side of the channel. This 
work cost about $1,000,000, about one- 
half going for the purchase of land and 
one-half for construction work. 

Some engineers familiar with the situa- 
tion believe that the channel is not suf- 
ficiently large to carry floods that may 
be expected to occur in Cherry Creek 
and that additional means for flood pro- 
tection should be provided. Many plans, 
in fact, have been proposed. One involves 
the construction of a detention reservoir 
or reservoirs in the Cherry Creek basin 
above Denver on the assumption that 
floods may be expected with very large 
peaks but producing a relatively small 
total volume of water. If such flood- 
waters could be held in storage for a short 
period, the flood menace to Denver 
would be removed, they believe. 

In November, 1931, the Denver Plan- 
ning Commission recommended to the 
city administration that the matter of 
flood prevention be investigated. The 
mayor appointed a group of engineers to 
investigate and report back to him, The 
group consisted of A. K. Vickery, city 
engineer, Robert ee district en- 
gineer of the U. S. Geological Survey, 
William B. Freeman, Arthur Ridgeway, 
chief engineer, D.&R.G.W. Railway, and 
R. J. Tipton, special engineer, state engi- 
neer’s office. This committee, in De- 
cember, 1931, reported among other 
things the following: “We are agreed 
that Cherry Creek continues to remain a 
great and constant menace to the city 
and that a complete study and report 
upon a flood-control scheme for the 
creek is the first and most urgent prob- 
lem for such commission to undertake.” 
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Letters to the Editor 


Continuous-Beam Design 


Sir—Any method that will facilitate 
and expedite the solution of statically 
indeterminate problems deserves the 
serious consideration of those interested 
in the structural analysis of restraint 
and continuous beams, particularly rela- 
tive to reinforced-concrete construction. 
In this connection the republication of 
Dr. W. Ritter’s solution involving Cul- 
mann’s graphical analysis, as described 
by Odd Abert in the article “Continu- 
ous-Beam Design by the Fixed-Point 
Theory” (ENR, June 29, 1933, p. 842) 
is timely and well presented. 

It may be of interest to state that the 
writer has presented Dr. Ritter’s method 
in full in the Transactions, Am.Soc.C.E., 
Vol. 90, 1927, p. 142, wherein a solu- 
tion of several practical problems and 
the proof of Dr. Ritter’s general method 
may be found. Furthermore, Dr. Ritter’s 
method has also been illustrated and dis- 
cussed in the American Architect, May, 
1922, p. 445. As a matter of fact, the 
whole process is really one of graphical 
differentiation and integration. 

It is noted that Mr. Albert com- 
pensates for the change in moments of 
inertia by adjusting the reverse third- 
point lines in accordance with the ratios 
of the spans and moments of inertia, 
although the proof is not given. Another 
method of adjustment for variable 
moments of inertia is to vary the span 
lengths in accordance with the stiffness 
ratio of J/L, wherein the adjusted 
lengths of the spans vary inversely as 
the stiffness ratios. 

Ritter’s graphical solution in place of 
the tedious standard analytical methods 
presents an efficient and easy solution to 
what otherwise might be a difficult prob- 
lem, and should be conducive to ime- 
provements and economy, especially 
relative to reinforced-concrete construc- 


tion. 


Los Snares. — 


July 11. 19 R. McC. BEANFIELD, 


Consulting Engineer. 
ee 6 


Sir—The article by Odd Albert on 
“Continuous-Beam Design by the Fixed- 
Point Theory” is well worth considera- 
tion. -The directions for drawing 
moment diagrams of loaded continuous 
beams are clear and concise. The en- 
gineer, however, should not be satisfied 
until he has determined the reason for 
each step of the process. 

The method of characteristic points, 
preferred by many engineers, was de- 
vised by Thomas Claxton Fidler and 
published as a paper, “Continuous 
Girder Bridges” in the Proceedings of 
The Institution of Civil Engineers, Vol. 
LXXIV_ (1883), p. 196. Professor 
Fidler made it a part of the chapter 
“Continuous Girders” in the first (1887) 
and subsequent editions of his book “A 
Practical Treatise on Bridge Construc- 


tion.” It is a matter of regret +! 
books almost invariably ign 
method. An _ elementary kn 
aside from Fidler’s book: may 
tained from the section on con) yoy, 
beams in Andrews “The Thewsy aya 
Design of Structures,” Lond. 
edition, 1932. The 37-page mo: 
“Characteristic Points,” by re 
Hinkly Salmon, published in 1:27 }, 
The Institution of Civil Engine rs 4; 
No. 46 of “Selected Engincer 
Papers,” treats the subject wit 
thoroughness. Dr. Salmon mia! 
wider application of the metho! th.» 
that suggested by Professor Fidler. 0» 
case is finding the bending-moment 
diagram for the stiffeners in a partly 
filled water tank; another is the treat. 
ment of bracket loads on columns. 

A noteworthy paper, “Moments in 
Restrained and Continuous Bean. hy 
the Method of Conjugate Points,” hy 
L. H. Nishkian ‘and D. B. Steinn 
published in Transactions, Am.Soc.C.§., 
Vol. 90, June, 1927, pp. 1-206. The 
conjuzate-point method is similar to the 
characteristic-point method, although 
not identical with it, as stated by son 
that took part in the discussion of ‘the 
papers. A wide range of application of 
the method is brought out; in fact, the 
discussion with the original paper is a 
valuable symposium. 

The “best” method to follow in con- 
tinuous-beam design involves _ the 
personal equation. To quote one whi 
took part in the discussion (R. G. Doer- 
fling) : “The best method, of course, i: 
any one person: and also the shortest 
and safest method for him, is the one he 
understands best and feels sure about, 
be it graphical, analytical or a combina- 
tion of these methods.” 


New York City, " 
july 17, 1933, Rosins Fieminc. 


Concrete Column Spirals 


Sir—My letter on spiral reinforced 
columns in your issue of Feb. 23, 1933, 
p. 257, was followed by three otliers: 
Professor Richart’s, April 13, p. 477; 
Mr. Hirschthal’s, April 27, p. 536; and 
Mr. Scott’s, June 1, p. 719. From these 
it appears that numerous circles are in- 
terested in the question raised and that 
the views of the experts as to the effec- 
tiveness of the hooping of reinforced- 
concrete columns differ very widely. 
Professor Richart has correctly char- 
acterized the conflicting opinions «nd 
stated that the most economically ‘e- 
signed unhooped columns under the 
present German specifications will pro- 
duce a very unsatisiactory type. Among 
other things he fears a too great chance 
of length of the columns and asserts 
that with 1/d equal to 20 the effective- 
ness of the hooping amounts'to only 4 
fraction of 2.0, while in the Germ 
specifications the effectiveness is ev): 
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ated at 2.5. American tests have shown 
‘ne value of 2.0 for I/d = 7.5. (Euro- 

tests have in part yielded values 

2 beyond this.) Permit me to consider 
riefly these objections and to set forth 

details of the German specifica- 
ions that should allay Professor 

Richart’s fears. . 

First of all, as regards the ratio 1/d = 

) the German specifications stipulate 
bor this a buckling coefficient of 1.7. 
In a 24in. square column with a 20-in. 
ore diameter, if 1/d = 20 then / = 

) in., and the length referred to the 

ngth of a side is 400/24 or 16.67, for 
hich the buckling coefficient in 
siumns with simple loop reinforcement 

(without hooping) amounts to only 
1083. This example should show 
jearly that the decrease of effectiveness 
of the hooping in the German specifica- 
tions, mentioned by Professor Richart, 
is allowed for by the buckling coefficient, 

hich is introduced already from a 
ntio of 1/d = 13 upwards and rises 
very rapidly with an increasing ratio. 
In the example cited with equal outside 
jimensions the load of a simply rein- 
forced column must be increased only 
by 8.3 per cent, while on the other hand 
the load of a spiral reinforced column 
must be increased by 70 per cent. From 
this it follows that in the case of ratios 
greater than 1/d = 13 there is little 
inducement to use spirals, since their 
avantage as against columns with 
simple loop reinforcement — namely, 
aving of space—is lost through the dif- 
ferent treatment of the buckling in- 
creases. 
The use of a hooping (Fs) having 
three times the value of the longitudinal 
rinforcement (Fe) has been common 
practice in Germany for decades. The 
ration Fg == 3F¢ has been adopted in 
the official specifications since 1916, and 
» unfavorable incidents of any kind 
lave been reported. 

The German specifications place a 
limit on an excessive increase of the 
hoping by providing that the calculated 
ad part of the hooping may not be 
geater than the calculated part of the 
full concrete cross-section and the longi- 
tinal reinforcement together. As the 
owable calculated stress amounts to 
me-third of the prism strength, then 
he greatest stress of the concrete under 
he calculated assumed full load, if the 
hoping is still supposed to be wholly 
neffective, would be two-thirds of the 
ism strength equals one half of the 
ube compressive strength. According 
» Dr. Schreyer’s investigations (“Elas- 
icity and Strength of Concrete on the 
basis Of Cube Tests.” Beton u. Eisen, 
1933, vol. 3, p. 42) the extension of the 

crete at this stage amounts to 0.5 

tcent. In a height between floors of 
») ft., which can be considered not more 

normal, the shortening in the most 
nfavorable case would not be even ¢ in. 

The change in the 1932 German 
Mecifications compared with those for 
1925 consists, as regards the columns, 

























in allowing higher steel and concrete 
stresses, when the calculated assumed 
concrete strengths are guaranteed by a 
standing control on the one hand, and 
on the other hand in allowing reinforce- 
ment percentages up to 8 per cent of 
the core cross-section for the longi- 
tudinal reinforcement, while formerly 
3 per cent of the full concrete cross- 
section was the upper limit. As a con- 
sequence of the above-mentioned limita- 
tion, the increase of the hooping is of 
course much smaller. The _ relation 
F, ==3F, soon ceases with increasing 
longitudinal reinforcement and falls, at 
the upper limit of 8 per cent to about 1. 


Darmstadt, Germany, . rat.-Ke 
June 14, i933. K. HajNAL-Kony1. 





Making the Highway Pay Its Cost 


Sir—The article by Bernard E. Gray, 
highway engineer, Asphalt Institute, 
entitled “Making the Highway Pay Its 
Cost,” in your issue of May 11, 1933, p. 
590, is an interesting economic discus- 
sion based on license fees and gas taxes 
paid by motor-vehicle owners. The 
author makes it particularly clear that 
the total cost of motor-vehicle opera- 
tion is not considered. 

In discussing economics of highway 
transportation it is natural to make com- 
parison with economics of other trans- 
portation agencies, and with railways 
particularly because they have so much in 
common with highways. 

After reading Mr. Gray’s article a 
multitude of questions dealing directly 
with the cost of rail transportation en- 
tered my mind, such as: How do the 
railroads consider their costs of trans- 
portation, and how do railway engi- 
neers determine when and where grade 
reductions are warranted, and when and 
where new rails are needed ? 

The railroad engineer will tell you 
that he figures a grade reduction is 
warranted when the extra freight 
carried by the same locomotive over the 
grade will pay for cutting down the 
hill. Or, in case the same loads are 
hauled, when the saving in coal will 
pay for the work. 

It seems inescapable that the eco- 
nomics of highways are the same as 
those of railroads in many ways. The 
cost of using the transport medium is 
an integral part of the transportation 
system. To disregard the cost of gas, 
oil, tires, etc., in highway transport is 
analogous to disregarding the wear and 
tear on locomotives and the expendi- 
tures for fuel in rail transport. 

Then, too, the cost of using highways 
is really a tremendous amount of money 
that annually exceeds the cost of the 
highways themselves. About 15 billion 
gallons of gasoline was used on our 
highways last year. At an average cost 
of 10c. a gallon for the gasoline this 
represents an expenditure of about 14 
billion dollars. Then we have the oil 
bill, the tire bill and the car-repair bill, 
all representing more millions of dol- 
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lars directly applied to highway trans- 
portation, 

From another angle we can deter- 
mine the money represented in using 
the highways, the item disregarded in 
large part in the article referred to 
above. It is recognized that total cost 
of using roads varies between 54c. per 
vehicle-mile on concrete to 7c. per 
vehicle-mile on earth. Using 7,000 
miles as the annual travel of each car 
and a total automobile registration of 
about 20,000,000, we have a total annual 
transport bill paid by the automobile 
owner that is somewhere between 
$7,700,000,000, the very minimum, and 
$10,500,000,000, a probable maximum. 
The article in question analyzes about 
10 per cent of this total, or $800,000,000, 
as the gas and vehicle taxes paid by 
the vehicle owner. 

Such stupendous expenditures  in- 
volved in the use of highways must 
have an influence on the economics of 
highway transport. To ignore ways of 
reducing the major portion of these ex- 
penditures through improvements in 
highways is similar to the sudden de- 
cision of the railroad man that he no 
longer needs to consider his coal bill 
in determining the cost of operation. 

It seems obvious, therefore, that the 
cost of using a transportation agency 
is an integral part of the cost of that 
agency and that highways are no dif- 
ferent in this respect than railroads, 
waterways or air lines. The inclusion 
of all vehicle-operation costs is recog- 
nized definitely by the Highway Re- 
search Board of the National Research 
Council and many state highway de- 
partments. The use of all these costs 
in an economic analysis of highways 
leads to far different conclusions re- 
garding the types of improvements that 
will pay for themselves. 

For example, such an analysis was 
reported by T. H. Cutler, chief high- 
way engineer of Missouri, before the fall 
meeting of the American Society of 
Civil Engineers at St. Louis in 1930. 
Mr. Cutler showed that for Missouri 
conditions all roads carrying an average 
of 210 or more vehicles per day should 
be paved. Further, that at least 12,000 
miles of Missouri roads should be paved 
to meet economic needs. The Michigan 
state highway department exhibit at the 
Highway and Building Congress in 
Detroit in January, 1933, portrayed the 
economics of highway building and 
showed that all roads carrying 190 or 
more vehicles per day should be paved. 

These two examples also illustrate an- 
other important point recognized by 
the highway fraternity. The highway 
engineer, in building roads, is the agent 
of the people. As their agent, he is 
responsible for all transportation costs 
and therefore must consider not only 
the immediate highway expenditures but 
also the influence of these expenditures 
on the cost of using the roads. 

Chicago, M1. Mites D. Catton, 


M 18, 1933. 
- Highway Engineer, 
Portland Cement Assoc. 
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Constant Vigilance N eeded 


AILURE of Castlewood Dam on Cherry Creek 

above Denver lays new emphasis upon the need for 
continuing supervision of dams, especially those known 
to be none too stable. The fact that a dam is amply 
safe and sound at the time it is put into service re- 
lieves no one of responsibility if it fails in after years, 
for age has a deteriorating effect on the best of struc- 
tures and unforseen weaknesses may develop at any 
time. Unfortunately, though many of our states now 
have laws providing for periodic inspection of dams 
by the state engineers, parsimonious legislatures do not 
provide funds sufficient to carry forward the work on a 
scale sufficient to insure adequate and continuing inspec- 
tion of a character calculated to reveal the slow develop- 
ment of serious defects. Failure of Castlewood Dam 
was due primarily to scour at the toe caused by over- 
topping resulting from a sudden flood greater than any 
in its 50-year life. Under some circumstances it might 
well be said that this long record established the adequacy 
of the spillway against all but unforeseen storms. But 
in a region subject to rainstorms of “cloudburst” in- 
tensity, adequate study doubtless would have shown that 
the spillway lacked the factor of safety required for a 
dam poised above a populous city. 


Landmarks 


SPECIAL APPEAL to engineers to render dual 

service in the preservation of landmarks is made 
in this issue by William Bowie, of the U. S. Coast and 
Geodetic Survey. Dr. Bowie asks not only that they 
help in educating the public to the need for preservation 
of existing landmarks, but also that they make a direct 
contribution to the cause by seeing that the marks that 
they set or that are set under their direction be well 
set, of a permanent nature and properly referenced. As 
he so clearly point out, many surveys have been made 
that would be of invaluable aid to government engineers 
in new work or in resurvey work had their value not 
been destroyed by failure to set permanent marks. No 
engineer would be guilty of wilful destruction of an 
existing landmark, yet he does what amounts to the 
same thing if he set a wooden stake that will rot in a 


few years when the mark is of such value to others - 


as to make a permanent marker desirable 


Survey Funds 


HE PROFESSION generally will find satisfaction 
in the allotment by the Public Works Administration 
of $2,600,000 to the Coast & Geodetic Survey and 
$2,400,000 to the Geological Survey for surveying and 
mapping. Engineers more than any other class of 
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citizen are conscious of the inadequacy of 1) },.<; 
survey data in this country. Vast areas are | 
surveyed, and in other regions the basic sury . },, 
not been revised for nearly half a century. T)) .<), 
is much loss of both time and money in pre!:y;),, 
studies. Recently engineers, either as indivi.) 
through organizations like the American So 
Civil Engineers and American Engineering © \;;,; 
have made a concerted effort to check drastic i+.) 
ment of the work. This allotment of $5,000.19 : 
evidence that the administration is convinced |; 4), 
soundness of their argument. Added satisfactii. ») 
be found in the fact that the proposed work wil! jer); 
the re-employment of men who have already }«\) |,\; 
off and will provide new employment for many othe; 
engineers. 


About W ood Borers 
> of wood structures destroyed by 


offer few examples more curious than that «{ th. 
St. Paul, Minn., factory building described in this js; 
Here the destruction of wood-pile tops, whic!) lei; 
column footings standing over clusters of very siovth 
round holes, gives engineers something to think ali 
both as to the use of wood piles and the reasons wh) 
nothing more happened than a moderate settlemen 
of the, building. The claim used to be made that a | |iyv¢ 
truss would stand up on principle even if the timber hai 
rotted, and somewhat the same quality must have lcen 
incorporated in the fifty-year-old St. Paul factory. 
Seriously, however, engineers have a problem that can- 
not be slighted in guarding timber structures against the 
wood-eating insects and sea worms that abound in many 
localities under various conditions. In general, engi- 
neering knowledge is more certain concerning marine 
wood-borers than it is of the work of those that live 
in the air. Investigations so far made by the Forest 
Products Laboratory of the activities of termites have 
given contradictory results on the effects of different 
preservatives in different locations. The studies being 
made are, however, a promise that engineers are |cing 
put on the road to information about a problem of which 
a better understanding is required. 


Two Great Developments 
N A WEEK rendered sensational by the number of 


constructive steps taken toward industrial recovery— 
foremost among them the tardy promulgation of in- 
structions for public-works applications—two events 
only indirectly related to construction stand out promi- 
nently. One of them is the agreement to settle labor 
disputes by arbitration instead of by strikes and lock- 
outs. The other is the Interstate Commerce Commis- 
sion’s denial of requests for a general reduction of rail 
freight rates. The significance of the labor truce needs 
no emphasis, in view of the grave character of the num- 
erous labor differences that were springing up and the 
prospect that they might paralyze much of the Recovery 
Administration’s accomplishment. The rail freight de- 
cision, however, is no less vital to economic rehabilita- 
tion. Any further curtailment of railway revenues 
would almost certainly have threatened many lines 
with bankruptcy, and what this would have done to our 
none-too-securely-repaired financial structure may readily 
be imagined. The commission’s decision, there- 
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fore is a matter for general congratulation. It helps to 
strengthen assurance that every form of business and 
industry is steadily moving toward solvency. 


Small-Scale Models 


HE INCREASING practical importance of small- 

scale model tests again is emphasized in the tests 
on models of the Boulder Dam spillways reported by 
E. W. Lane in this issue. These tests resulted in signifi- 
cant changes in the spillways as built from those shown 
in the original designs because the tests definitely estab- 
lished the effect of factors not susceptible to exact 
mathematical determination. In earlier tests on models 
many questioned the value of the results obtained, 
especially where the scale was small, on the ground that 
the prototype would not necessarily perform in a 
manner similar to the model. This fear has been found 
to be largely unfounded when proper allowances have 
been made in interpreting the results. In the course of 
the Boulder Dam tests the dependence of small-scale 
models was further confirmed. There, because of the 
magnitude of the forces to be dealt with in the spillways, 
tests were made at scales up to as large as 1:20. When 
the latter were checked against those made at scales of 
1:60 and 1:100, remarkable similarity was noted. 





Professional Codes 


HANGES in matters relating to codes for engineers 

and architects have been rapid, almost kaleidoscopic, 
during the past two weeks. Whereas less than a month 
ago the possibility of professional codes under the Re- 
covery Act still was a subject for academic discussion, 
now an architects’ code prepared by the American In- 
stitute of Architects has been presented to the policy 
committee of the Construction League of the United 
States as a supplementary code under the general code 
for the construction industry, and a code for engineers 
has been drafted in tentative form by the American 
Society of Civil Engineers. The latter also will be sub- 
mitted to the League and both will be in the hands of 
the NRA just as soon as the League’s policy committee 
can adjust any possible conflicts with other codes for the 
construction industry. 

The explanation of this rapid change in the profes- 
sional-code situation is not hard to find. It lies in the 
fact that, though loosely held together, all parts of the 
construction industry are essential to all others, and as 
a consequence no one major element can operate success- 
fully under a code without making it compulsory for the 
other elements to do so. This condition, as we noted 
briefly last week, lays new emphasis upon the unity of the 
construction industry. 

Recognition of the bearing of this essential unity upon 
the question of codes for the construction industry about 
two weeks ago brought order out of chaos and also 
brought many architects and engineers who had believed 
that codes for professional groups were neither neces- 
sary nor desirable under the Recovery Act to the opinion 
that such codes are necessary even though not desirable 
from a purely selfish point of view. 

From the start of the discussion of codes for industry 
as a whole it was obvious that general contractors would 
be required to act under a code of fair practice and com- 
petition, but when such a code came to be worked out 
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in detail it became apparent that contractors alone could 
not control such practices as bid-peddling, and that the 
cooperation of architects and engineers was essential. 
Under the system of self-regulation required under the 
Recovery Act no branch of industry can set up regula- 
tions for another branch in its code; if such regulation 
is necessary, it must be set up within the other branch. 
The conclusion then became obvious that at least some 
practices of architects and engineers must be controlled 
in a code. But if a few practices had to be controlled, 
it became apparent that all competitive practices must 
be. The outcome was a decision to submit complete 
codes covering all competitive practices. 

Other developments that had an important bearing 
on the decision of the two leading professional organiza- 
tions in the construction field to submit codes of prac- 
tice to the NRA were, first, the fact that many local 
engineering organizations and groups of specialists were 
preparing codes and were submitting them to the NRA, 
and second, the decision of the deputy administrator that 
because of the impossibility of dealing separately with 
the multiplicity of codes affecting the construction in- 
dustry that were pouring in upon him he would not 
consider any code for that industry unless it had cleared 
through the policy committee of the Construction 
League, that organization having offered its services in 
clearing up the situation. This decision, as noted in 
our issue of July 27, resulted in the rejection of the 
code of the Associated General Contractors as a basic 
code and the submission by the Construction League of 
a basic code for the whole construction industry. With 
the A.G.C. code set up as a secondary code under that 
basic code, a logical development called for parallel 
codes from architects, engineers, subcontractors and ma- 
terials producers and distributors. If endless confusion 
in the engineering field were to be avoided, it was neces- 
sary therefore that the American Society of Civil Engi- 
neers, the controlling engineering group in the construc- 
tion field, take the lead in the preparation of an engi- 
neers’ code. 

These circumstances should be taken into considera- 
tion by all those who within the next few weeks will 
be asked to pass on the engineers’ code as prepared for 
presentation ta the Construction League and, ultimately, 
to the NRA. It is not a perfect document, as those 
who have labored over it well know, but it should not 
be rejected for that reason. No amount of work upon 
it would make it entirely satisfactory to all concerned. 
In the present instance, time is an essential element. 
When the blanket code for the construction industry— 
now before the NRA—is approved by the President, it 
becomes effective over all elements in the industry, 
including engineers who design and build any structure. 
That code is too general to be satisfactory to engineers 
and does not deal specifically with many practices that 
for years have been sources of trouble within the pro- 
fession. 

What is needed at the moment, therefore, is 
a code that will meet present requirements and cover 
the principal issues between members of the profession. 
This the code now in preparation does. Detail points 
can be ironed out subsequently. Unless sources of 


_ serious difficulty are found in the code’ it should be 


approved, so that it can be considered concurrently with 
the architects’ code. Non-essential details must not be 
permitted to obstruct early action to make an engineers’ 
code effective as an integral part of construction indus- 
try control. 
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NEWS OF THE WEEK 





Water Power Study 
By Federal Body 
Launched by N. R. A. 


W ashington Correspondence 


RESIDENT ROOSEVELT’S instruc- 
tions to the Federal Power Commis- 
sion to prepare a comprehensive national 
plan for the development of water power 
and the transmission of electricity is re- 
garded as a major step towards establish- 
ing public ownership and operation on a 
firm footing throughout the country. With 
an allotment of $400,000 from the public 
works fund, the commission will begin its 
investigation immediately. Such an_ in- 
vestigation was ordered by the Senate last 
session. In the preparation of the national 
plan the commission will organize its work 
on a regional basis so that local projects 
proposed to the Public Works Administra- 
tion may receive prompt consideration. 
The federal commission will cooperate 
with state public service commissions, the 
Tennessee Valley Authority and other 
agencies and experts. 


Coordination lacking 


The Public Works Administration has 
been advised by the power commission that 
up to the present time the development of 
water power resources, both public and 
private, has been carried on without refer- 
ence to any comprehensive or integrated 
national plan. As a result, there have 
been, according to the commission, many 
instances in which the full economic and 
social value of the nation’s resources has 
not been secured. In other cases, the com- 
mission states that there has been a lack 
of proper coordination between projects 
developed in the same region. Power 
projects also have been developed in some 
areas without proper regard for the avail- 
able market, according to the commission. 
Summing up, the commission asserts that 
the failure to develop a national program 
has resulted in great economic less. 

National planning is represented by the 
Commission as giving effect to the pur- 
poses of Congress which in the Federal 
Water Power Act of 1920 authorized the 
Commission to investigate “the water 
power industry and its relation to other 
industries and to interstate or foreign com- 
merce and concerning the location, capacity, 
development costs and relation to markets 
of power sites and whether the power from 
government dams can be advantageously 
used by the United States for its public 
purposes,” etc. 

The commission’s investigation will be 
directed to determining the facts regard- 
ing the cost of transmitting and distribut- 
ing electricity to consumers under varying 
conditions, as this is recognized as of great 
importance not only in ascertaining the 
economic feasibility of power projects, but 
also the distribution cost element properly 
to be included in rates to consumers of 
electricity. 

Announcement of the investigation fol- 
lowed shortly after the appointment of 


Frank R. McNinch, of North Carolina, as 
chairman of the Federal Power Commis- 
sion, to succeed George Otis Smith. 

Beside the allotment of $400,000 to the 
power commission, the allotments made by 
the Public Works Board this week in- 
cluded $20,000 to provide working quarters 
for the Bureau of Reclamation in the Cus- 
tom House at Denver, $8,000 for repairing 
a break in mains laid by the Jefferson 
Parish Water District No. 2 in the Inter- 
coastal Canal, La., and $6,000 for repairs 
to the coping of the roof of the White 
House. 


Casper-Alcova project opposed 

Allotment of $22,700,000 for Casper- 
Alcova, a federal reclamation project in 
Wyoming, has been ratified formally by 
the board but, due to a protest from the 
state of Colorado, the board now has to 
decide whether or not to reconsider this 
allotment. Because of the priority that is 
established by the beneficial use of water 
in western states, Colorado for years has 
insisted that an agreement protecting its 
rights to a share of the water of the North 
Platte should precede approval of the Cas- 
per-Alcova project in Wyoming. Color- 
ado will take the case to the U. S. Su- 
preme Court if the Public Works Board 
carries the project forward. 

Included in the $22,700,000 allotted for 
the work on the North Platte River is con- 
struction of the Seminoe storage reservoir 
above the Pathfinder reservoir. 

A hearing on Colorado’s protest was 
held by the Public Works Board on Aug. 
8. The allotment originally had been made 
by the board when informed by Senator 
Kendrick that Governor Johnson had 
assured him that Colorado would not 
insist upon a prior agreement. 


Local work still held up 


Secretary Ickes stated Aug. 8 that the 
Public Works Administration still has to 
expand considerably its staff in Washington 
before state and local projects forwarded 
by the state advisory boards can be given 
expeditious attention. The appointment of 
state engineers is still hanging fire. 

Mississippi levee building 

No allotment has been made by the Pub- 
lic Works Board to date for carrying on 
revetment work and levee building on the 
Mississippi. Following receipt of a protest 
from Senator Harrison of Mississippi, 
against the interruption of work done by 
the army engineers with hired labor, 
Henry M. Waite, deputy administrator, 
now is taking this matter up with the Bud- 
get Bureau. 

President Roosevelt's announcement that, 
in line with the NRA program, an adjust- 
ment would be made in government con- 
tracts where possible, does not extend, in 
Secretary Ickes’ opinion, to contracts let 
by municipalities on projects financed by 
the Reconstruction Finance Corporation. 
Secretary Ickes previously had announced 
that the Public Works Administration 
could not grant any relief to contractors 
on the New Orleans Public Belt Rail- 
road Bridge nor the Los Angeles Aqueduct. 


Code for Engineers 
in Tentative Form 
Drafted at New York 


CTING under the spur of the Ad- 

ministration’s desire to have as many 
codes as possible in hand by Sept. 1, the 
informal conference on a code for engineers 
that met in New York on Aug. 2, as noted 
in our issue last week, continued its de- 
liberations over the greater part of two 
days under the chairmanship of Carlton 
Proctor, chairman: of the American Society 
of Civil Engineers’ code committee, in 
order that Mr. Proctor and the officers of 
the American Society of Civil Engineers 
might have the benefit of the views of the 
organizations there represented in the 
preparation of a draft of a code for sub- 
mission to NRA as a supplemental code 
under the general code for the construc- 
tion industry. Following the conference, 
changes in the tentative draft proposed 
during the conference were incorporated in 
a new draft that is now before the direc- 
tors of the society for their consideration. 
The revised draft includes a schedule of 
minimum fees for professional services, 
prepared by a subcommittee under the 
chairmanship of Harrison P. Eddy. 


Organizations represented 


In addition to the representatives of the 
American Society of Civil Engineers who 
took part in the conference, the following 
were present: J. H. Griffin, representin: 
the A.A.E.; Duff Abrams, Am. Conc. 
Inst.; Philip W. Henry, Am, Inst. of 
Consulting Engineers; H. H. Henline, 
A.LE.E.; Henry C. Meyer, Jr., A.S.M.E.; 
P. S. Wilson and A. V. Ruggles, 
A.W.W.A.; J. A. Wright, Assn. of Con- 
sulting Chemists and Chemical Engineers ; 
John C. Eadie, N. Y. Association of Con- 
sulting Engineers; D. B. Steinman, Arthur 
Sheridan, E. A. Kingsley and John W. 
Pickworth, N. Y. State Society of Pro- 
fessional Engineers; and H. V. Spurr, 
Structural Engineers Society of New 
York. 


Architects and engineers agree 


In our report of the opening session of 
this conference (ENR, Aug. 3, 1933, 
p. 146), it was stated that points upon 
which architects and engineers could not 
agree at the code discussion in Washington 
were referred to the code committee of the 
Construction League for a decision. This 
statement was in error. The architects and 
engineers settled all differences over their 
respective codes before completing their de- 
liberations, The points referred to the code 
committee were concerned with the con- 
flict between the codes for these two pro- 
fessions and that for the general contractors. 
Since the news item of last week was 
written, the code for architects has been 
submitted to the NRA. It provides for 
segregation of engineering fees for founda- 
tion, structural, mechanical and other en- 
gineering services. 
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PWA Will Deal With Cities 
Direct, Ickes Tells Governor Ely 


The Public Works Administration 
through Administrator Ickes on Aug. 2 
rejected unconditionally a request by Gov- 
ernor Ely of Massachusetts that it agree 
not to deal with municipalities in that 
state unless a board to be created by the 
by the Governor approve the proposed 
projects. Mr. Ickes informed the Gover- 
nor. that the Public Works Administration 
would consider solely on its merits propo- 
sitions submitted to it without considera- 
tion of what the state might desire. 

Governor Ely in reply has stated that 
cooperation in this regard between the 
state and the Public Works Administra- 
tion is desirable in Massachusetts in order 
to protect the financial standing of the 
local communities. 


So 
Construction Code Work 
Centers on Supplementary Codes 


Although tentatively submitted to the 
NRA, the basic code for the entire con- 
struction industry has been undergoing 
refinement and revision in terminology 
during the past week. The code commit- 
tee of the Construction League has also 
been actively engaged in coordinating a 
number of supplementary codes with the 
basic code. It is hoped that when the 
basic construction code is in acceptable 
shape to be submitted for final approval 
that it can be accompanied by a con- 
siderable number of supplementary codes. 
By this procedure it is hoped to expedite 
the operations of the construction industry 
under the National Industrial Recovery 
Act. At the time of going to press no 
date had been set for hearings on the con- 
struction code. 

onsen 


Local Engineers To Be Employed 
on Columbia River Dam Work 


The Denver office of the U. S. Bureau 
of Reclamation has announced that ex- 
cept for a few engineers in administra- 
tive capacities, the engineers employed by 
the bureau in the preliminary surveys for 
the design of the dam “at Grand Coulee 
site on the Columbia River will bé’*resi- 
dents of the state of Washington. Last 
week the public works administration al- 
loted $63,000,000 for the construction of 
a dam about one-third of the height re- 
quired for the complete Columbia Basin 
combined power and irrigation project. 
The present development is to be for 
power alone. The federal government 
will grant 30 per cent of the cost of the 
labor and will loan the remaining 70 per 
cent to the state of Washington. 

The preliminary work now being done 
by the Bureau of Reclamation under con- 
tract with the Columbia Basin Commis- 
sion will take about six months. Con- 
struction of the dam and the power plant 
will require about five years. In addi- 
tion to the investigation and design work 
being carried on by the bureau, Secretary 
Ickes has announced that $600,000 has 
been allocated to the construction of a 
railroad to the site and $600,000 for high- 
ways. Work on .these elements of the 
project will be begun immediately. 

The Bureau of Reclamation is estab- 
lishing field headquarters at Almira, 
Wash., about 22 miles from the dam site. 


Arthur Powell Davis, 
Bouldér Dam Consultant, Dies 


Arthur Powell Davis, who was named 
several weeks ago as consulting engineer 
on Boulder Dam, died in Oakland, Calif., 
on Aug. 7, following an illness of several 
months. He was 73 years old. Mr. Davis 
had served the federal government for 
many years, but had been out of its service 
for about a decade. About a year ago he 
returned from Russian, where he super- 
vised the building of a hydroelectric sys- 
tem for the Soviet Government. He was 
credited with first envisioning Boulder 
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Arthur Powell Davis 


Dam, and during his twenty-one years as 
an engineer in the Department of the In- 
terior worked consistently for its con- 
struction. 

Mr. Davis was born at Decatur, Ill, in 
1861. He graduated from George Wash- 
ingtow University and entered the federal 
service in 1882 as a topographer for the 
United States Geological Survey. Six years 
later he was transferred to the Irrigation 
Survey and was engaged in selecting and 
surveying reservoir sites in the Southwest. 

With the passage of the Reclamation 
Act in 1902, he was made principal as- 
sistant engineer of the Reclamation Serv- 
ice, becoming chief enginer five years later 
and continuing in that capacity until 1914. 

In that year the American Red Cross 
chose him as one of a group of engineers 
to investigate Chinese floods problems. 
Shortly after the board’s report was com- 
pleted in 1913, Mr. Davis became director 
of the Reclamation Service, a post he held 
until 1923. In his years of service Mr. 
Davis saw the construction of the Roosevelt 
Dam, Elephant Dam and Shoshone Dam. 

In 1908 he was appointed one of a board 
of experts to report on Canal possibilities 
on the Isthmus of Panama. The board 
recommended the lock type of canal. The 
Kinkaid Act of 1920 directed Mr. Davis 
to report on the lower Colorado River, 
with special attention to flood protection 
of the Imperial Valley. It was his report 
on this work that recommended construc- 
tion of a structure corresponding to Boul- 
der Dam. 

On last July 10, after being out of the 
Reclamation Service a decade, he was 
again chosen a consulting engineer in the 
new Bureau of Reclamation. 
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Chief Highway Engineer 
Named by Kentucky 


In order to make its state bighway de- 
partment organization conform to the re- 
quirement of the federal aid law, Ken- 
tucky has named a chief engineer after 
having been without one for more than a 
year. W. O. Snyder, who has been with 
the Department for 12 years, has 
named chief engineer. 


omen 
Silicosis Suits on W. Va. Tunnel 
Settled Out of Court 


All of the damage suits claiming con- 
traction of silicosis filed by workmen 
against Rinehart & Dennis Co., contractor 
on the 3-mile power tunnel driven for the 
New-Kanawha Power Co. at Hawks 
Nest, W. Va., hayg been settled out of 
court. One of a multitude of suits came 
to trial in the Fayette County Court and 
ended in a jury disagreement after drag- 
ging on for nearly six weeks (ENR May 
11, 1933, p. 603). At the time of settle- 
ment more than 300 releases were signed 
by those who had filed suits. Though de- 
tails of the settlements were not made 
public, it is understood that the aggregate 
amount involved is considerable. The trial 
created much interest in the construction 
world, being the first case where a con- 
tractor was involved in claims for silicosis 
damage. 


been 
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New Appointments Made 
To Public Works Organization 


Additional appointments by President 
Roosevelt to complete the State Advisory 
Boards and the Regional Advisors of the 
Public Works Administration have been 
announced through Harold L. Ickes, Pub- 
lic Works Administrator. 

George W. Lane, Jr., of Lewiston, Me., 
was appointed Regional Advisor for the 
First Region. Ralph L. Cooper, of Bel- 
fast, Me., was unable to serve. \ 

Daniel C. Burns, of Denver, was ap- 
pointed as a member of the Colorado State 
Advisory Board. Morrison Shafroth of 
Denver, announced he was unable to 
serve. 

John E. Sullivan, of Somersworth, N. H., 
was appointed as a member of the New 
Hampshire State Advisory Board. Stan- 
ton Owen, of Laconia, died after his ap- 
pointment. 

Otto W. Deluse, of Indianapolis, was 
appointed a member of the Indiana State 
Advisory Board. 

James E. Lawrence, of Lincoln, was ap- 
pointed a member of the Nebraska State 
Advisory Board. James G. Maher, of Lin- 
coln, was unable to serve. 

Miguel A. Otero, Sr., of Santa Fe, was 
appointed a member of the New Mexico 
State Advisory Board. Felipe Sanchez y 
Baca, of Tucumcari, was unable to serve. 

B. F. Moomaw, of Roanoke, was ap- 
pointed a member of the Virginia State 
Advisory Board. Henry G. Shirley, of 
Richmond, was unable to serve. ‘ 

Robert B. Preston, of Portsmouth, was 
appointed a member of the Virginia State 
Advisory Board. Richard Crane, of West- 
over, was unable to serve. 

Walter J. Burke, of New Iberia, was 
appointed a fourth member of the Louis- 
jana State Advisory Board 
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Malcolm Pirnie Named 
NRA Assistant for Construction 


Malcolm Pirnie, consalting engineer of 
New York, N. Y., has been named as 
assistant to Deputy Administrator Malcolm 
Muir of the NRA on construction and 
building materials. Mr. Pirnie also is act- 
ing as the coordinator between the NRA 
and the Public Works Administration. 
Mr. Pirnie was very active in the work of 
the National Committee for Trade Re- 
covery, an organization that for more than 
a year fostered the enactment of federal 
public works legislation. He is also presi- 
dent of the American Water Works Asso- 
ciation. 


nnd pramnsen 


No Federal Funds Available for 
Wage Rise on NewDrleans Bridge 


That no money from the public works 
fund will be made available for the pay- 
ment of wage increases on the New 
Orleans Bridge project has been an- 
nounced by Harold L. Ickes, Public Works 
Administrator. The public works ad- 
ministration holds that to establish a prece- 
dent by allowing a grant of funds to make 
possible wage increases, it would mean 
that similar action would have to be taken 
on scores of other projects and would 
amount to admission on the part of the 
government that it would be responsible 
for losses on contracts of all kinds where 
action of the government has caused an 
increase in costs. 
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PWA Lists Information 
Required with Loan Applications 


NFORMATION required by the Public 

Works Administration to be filed with 
applications for federal loans to public 
bodies under the public works act has been 
published as circular No. 2, availahle from 
the government printing office at Wash- 
ington. The information required relates 
to the project itself, finances and legal 
considerations. 

The text of circular No. 2 is as follows: 


Information required with applications for 
loans to states, counties, municipalities and 
other public bodies 


I. GENERAL INSTRUCTIONS. 

Four (4) complete copies of the appli- 
cation and the accompanying papers and 
drawings should be submitted to the State 
Advisory Board, Federal Emergency Ad- 
ministration of Public Works, whose office 
is situated in the State in which the proj- 
ect is located. If the project is located in 
two or more States the application and 
the other papers should be submitted to 
the State Advisory Board in the State in 
which the principal office of the applicant 
is located. 

All exhibits attached to the application 
should be given a convenient reference 
number. 

The estimated costs required to be given 
should be based on the labor requirements 
and other special conditions set forth in 
the National Industrial Recovery Act, par- 
ticularly section 206. 

A study of the application may disclose 
the need for additional information. In 
order to expedite action on the application 
such information should be furnished 
promptly on request. 

The application should state substantially 
the information called for below and in the 
order called for. 


Il. SUMMARIZED GENERAL INFORMATION. 

(a) Full corporate name of applicant and 
the date of its organization. 

(b) Name, title, and address of the offi- 
cial representative or representatives with 
whom correspondence should be conducted 

(c) Name and address of the applicant's 
attorney. 

(d) Name and address of the applicant's 
consulting engineer or architect. 

fed The applicant's population in 1910, 
1920, and 1930 (give brief explanation of 
any abnormal increase or decrease in pop- 
ulation). 


Ill. THe Loan REQUESTED. 

f(a) Amount. 

(b) Security (kind of obligation offered) 
i.e.—general obligation bonds, revenue 
bonds, etc. 

(c) Period of the loan and maturities 
(annual amounts if serial maturities). 

(d) Preferred method of application of 
— if allowed (see Circular No. 1, page 

). 
(fe) Schedule showing dates when funds 
will be needed and amounts. 

[V. THe Prosecr. 

(a) General description with drawings 
sufficient for a thorough understanding of 
the project; and report of consulting or 
other engineer or architect if available. 

(b) Estimate of the cost of the project 
subdivided into principal sections or items, 
in sufficient detail to permit checking, show- 
ing separately the following subtotals: 

) Preliminary expenses; 

(2) Cost of land, rights of way, and 
easements ; 

(3) Construction cost, subdivided 
into principal structures or classes of 
work, and showing (i) labor and (ii) 
material cost for each subdivision ; 

(4) Engineering charges; 

(5) Legal, administration, and other 
overhead charges ; 

(6) Interest during construction; 

(7) Miscellaneous costs in reason- 
able detail. 
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CASTLEWOOD DAM ON CHERRY CREEK FAILS, FLOODING DENVER 35 MILES BELOW 


Overtopping of the Castlewood Dam on 
Cherry Creek, 35 miles southeast of Denver, 
as a result of a cloudburst upstream was fol- 
lowed by undermining of the toe of the 
dam and the washing out of half of the 
structure. The dam, a combined masonry 
and rock-fill structure, was about 600 fr. 


long at the crest and about 70 ft. high. 
It was built in 1889. The impounded 
waters were used for irrigation in Cherry 
Creek Valley. Release of the water by the 
failure of the dam caused a flow of about 
16,000 sec.-ft. which could not be carried 
by the 10,000-sec.-ft. channel of Cherry 


Creek in the city of Denver. The ware- 
house district of the city was flooded, 
several bridges were washed out and con- 
siderable other damage caussed to both 
public and private property. A more com- 
plete report of the dam failure and flood 
appears on page 174 of this issue. 
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ogra f development, and if so, give 
progrmtion of other parts of plan or pro- 


a a) Statement as to whether or not the 
(‘ant has a city or regional planning 
app’, whether this project has been sub- 
itted to such rd, and the views of 
ae poard, if any, in regard to it. (Report 
syejanning board ehould be attached, if 
availahyt atement as to whether the com- 
nity is of a metropolitan district 
mr if 80, Whether the project is coordi- 
*ated with the pians for metropolitan de- 
: nt. 
vee Statement as to all endorsements that 
re known to have been made by civic 
; ups and other similar bodies in respect 
erthe project or the application, together 
with names and addresses of such endors- 
























*p) Statement as to all objections that 
are known to have been made in respect 
of the project or the application, together 
with the mames and addresses of such 
objectors; if no such objections have been 
made, that fact should be stated. 

/i) Statement as to whether or not the 
project will compete with any similar enter- 








Py) Statement as to status of drawings 
and specifications; when construction can 
be commenced; and when project will be 


co 






mpleted. 
/k) Statement of estimated average num- 
per of men to employed each month, 
directly on the project, giving the number 
of months. 
y, REVENUE AND EXPENSES. (information 
* ‘to be submitted where loan, in whole 
or in part, is to be secured by pledge 
of revenues derived from the ee 
fa) If project is an extension of an ex- 
isting system, give statement with appro- 
priate subdivisions showing for each of the 
past three fiscal years: 
(1) Operating income; 
(2) Operating and other costs. 
Statement should also show for each 
such year, the extent of the business of 
the system, as indicated by number of 
consumers or users, quantity of produc- 
tion or sales or other similar data. 

(b) Give estimate with supporting data 
of annual operating income and of operat- 
ing and other costs reasonably to be antic- 
ipated from the project if a new system, 
er from the existing system as extended 
or improved by ‘the project, for the life 
of the loan. Give estimate showing for 
each year the extent of the business of the 
system as completed or as enlarged and 
extended, based upon the estimated num- 
ber of consumers or users, quantity of pro- 
duction or sale or other similar data. 

(c) A statement showing application of 
estimated income and dispostiion of sur- 
es for each year during the life of the 

n. 

(d) Discuss any unusual conditions affect- 
ing present or estimated future operating 
income and expenses. 

fe) Give schedule of rates now in force 
and proposed rates after completion of 
the project, stating whether such rates are 
subject to approval by other public author- 
ity. 

VI. FINANCIAL DATA. 

fa) Statement of assessed valuation of 
taxable property (showing real and per- 
sonal property separately) for each of the 
last 3 fiscal years and ratio which such 
assessed valuation bears to actual value. 

‘b) Statement of gross funded debt at 
date of application, giving purposes for 
which each item of debt was incurred, 
classified as follows, and showing amount 
outstanding, interest rate, and maturities 
for each item: 

£2} General obligation bonds, 

2) Revenue bonds, 

(3) Assessment bonds, and 

(4) Other kinds of funded obliga- 
tions. 

fe) Statement of sinking funds, showing 
amount applicable to each item of debt, 
and details of sinking-fund investments. 

(d) Statement of gross floating debt at 
date of application, showing separately 
amount borrowed in anticipation of taxes 
and amount borrowed in anticipation of 
creation of funded debt, and showing inter- 
est rate and date of maturity for each item. 

(e) Statement of gross debt of all over- 
lapping taxing or assessment districts (i.e. 
school, soving, or other districts wholly 
or largely within the territorial limits of 
the applicants).- 

_(f) Statement that all outstanding finan- 
cial obligations of applicant and overla 
Ding districts have been included in (b), 
(d), and (e) above. 
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(g) Statement of any defaults or post- 
ponements in payment of the principal of 
or interest on any outstanding obligations 
at any time, with explanation if any de- 
faults or postponements. 

(h) Statement of present total tax rate 
per $1,000 of assessed valuation, showing 
separately rate for State, county, city, 
school and any other overlapping taxing 
districts. 

(i) Statement showing separately for 
each of the last 3 fiscal years amount of 
taxes levied (stating whether of total taxes, 
or of taxes levied for municipal purposes 
only), amount uncollected at delinquent 
date, and amount now uncollected. 

(j) Statement of dates on which taxes 
are levied, on which they become payable, 
and on which they become delinquent. 

(k) Statement of penalties and delinquent 
taxes. 

(l) Evidence that the ordinary current 
expenses are within the prudently estimated 
ordinary revenues, or that action is in 
process or in good faith assured designed 
to bring this about. Attach last complete 
financial statement, and a statement show- 
ing, in reasonable detail, receipts and ex- 
penditures for next preceding 4 years, 
separating, as far as possible, ordinary 
receipts and expenditures from extraor- 
dinary items, such as capital improvements 
and creation and payment of debts. 

(m) Brief general description of com- 
munity, including information regarding 
railroads and main highways by which 
served, chief industries or commercial ac- 
tivities, products of surrounding country, 
and any other items of interest. 


VII. Leeat Data. A legal memorandum 

signed by counsel for the applicant dis- 
cussing in detail all legal questions arising 
in connection with the project and the 
incurring of the proposed indebtedness 
should be attached to the application. 
Among other points the memorandum 
should cover: 

(a) Reference to any general, special or 
local laws and State constitutional pro- 
visions pursuant to which the applicant 
was organized. 

(b) If the applicant has a special charter, 
furnish a certified copy together with a 
certificate by proper officer to the effect 
that such copy is a true and complete copy 
of the present charter including all amend- 
ments to date. 

(c) Give constitutional or statutory debt 
limitation. Give constitutional or statutory 
tax limitation and state whether such limi- 
tation includes debt service. 

(d) State deductions which are allowed 
in ascertaining net debt stating separately 
amount of present gross and net indebted- 
ness and character and amount of indebt- 
edness for which deduction is claimed. 

fe) Give reference to provisions of con- 
stitution and of general, special, or loca: 
laws empowering the applicant 

(1) To construct the proposed proj- 
ect; and 

(2) To issue the proposed obugations 
or otherwise finance the project in the 
manner proposed. 

(f) Is authorization by voters required? 
If election has already been held, submit 
certified copies of all proceedings taken in 
respect of such election, including authori- 
zation for election, notice, ballot, and cer- 
tificate of result. 

(g) In authorizing construction ot pro- 
Posed project and issuance of proposed 
obligations, does applicant act by ordinance 
or resolution? 

(h) Is it necessary for such ordinance 
or resolution to be published before taking 
effect? 

(i) Is it necessary for applicant to obtain 
any franchise or other permit from any 
public agency or other authority to con- 
struct and/or operate the proposed project? 
If so, state character of franchise or per- 
mit, from whom necessary, what steps, it 
any, have been taken to obtain it, or if 
not yet obtained, what steps must be taken 
and within what approximate time may 
such franchise or permit be obtained. 

(j) May applicant sell proposed obliga- 
tions at private sale, or is it necessary to 
sell such obligations at an advertised public 
sale? If public sale is required, state man- 
ner and time required for giving notice. 

(k) State maximum rate of interest which 
proposed obligations may bear. 

(l) State minimum price for which pro- 
Posed obligations may be sold. 

(m) Is it necessary for applicant first to 
offer proposed obligations to any other 
authority before such obligations may be 
sold to the ~~blic? If so, state to whom, 
giving refer>nee to appropriate section of 
statute. 

(n) Give ceference to provisions of sta- 
tute -‘egulating maturities of obligations, 
stating time within which first installment 
of ob tions must become due and maxi- 
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mum period within which last installment 
must become due. 

(o) If statute regulates amount of obli- 
gations falling due in any given year, state 


restrictions, giving reference to appropri- 
ate section of the statute. 

(p) Are proposed obligations negotiable 

instruments under the negotiable instru- 
ments law? 
_ (q) Are the proposed obligations legal 
investments for administrators, trustees, 
and other fiduciaries, and for savings banks 
and insurance companies organized under 
the laws of the State in which the appli- 
eant is stiuated? 

(r) May proposed obligations be made 


registerable as to principal only or as to 
both principal and interest? 

(s) Do proposed obligations and the pro- 
ceedings for their issuance have to be ap- 
proved by the attorney general of the State 
or any other authority? If so, by whom? 

(t) Are the proposed obligations required 
to be registered in the office of any State, 
county, municipal or other authority prior 
to their issuance? 

(u) Will proposed obligations be exempt 
from all taxation (except estate, inheri- 
tance, and gift taxes) under the laws now 
in force of the State in which the applicant 
is situated? 

(v) Will interest to be paid on proposed 
obligations be exempt from all taxation 
(except estate, inheritance, and gift taxes) 
now or hereafter imposed by the United 
States under the Constitution now in force? 

(w) Is any litigation now in process, 

ending or threatened (either in State, 
ocal, or Federal courts), in anywise affect- 
ing the corporate existence of the applicant, 
the authorization, execution, sale and de- 
livery of the proposed obligations, the con- 
struction of the proposed project, the levy 
and collection of taxes to pay the principal 
of and interest on the proposed obligations, 
the boundaries of the applicant, or the 
incumbency of any of its officers? 

(x) Will it be necessary to obtain prop- 
erty by condemnation proceedings, or other- 
wise? Give reference to law authorizing 
proposed proceedings and state approxi- 
mately how long it will take to acquire 
such property. 

(y) Give name and address of bond coun- 
sel of recognized national standing who will 
furnish opinion on proposed obligations. 

(z) If the proposed securities are what 
are generally known as revenue bonds, and 
are payable only from the revenues to be 
derived from the operation of the project, 
the holder thereof having no recourse for 
payment to the general taxing power of 
the municipality, then— 

(1) Does the issuance of such secur- 
ities constitute the incurring of a debt 
by the municipality within any State 
constitutional or statutory provision or 
limitation? Has the court of last re- 
sort in the State in which the applicant 
is situated passed upon this question? 
If so, cite decisions. 

(2) Has the court of last resort in 


the State in which the applicant is 
situated held that revenue bonds or 
other like obligations issued for the 


construction of extensions or improve- 
ments to an existing municipally-owned 
revenue producing utility, when made 
payable from and secured by a pledge 
of the revenues of the existing utility 
as extended or improved, constitute 
debt? If so, cite decisions. 

(3) Are proposed obligations pay- 
able from the gross or net revenues 
of the existing utility as extended or 
improved, or are such obligations pay- 
able from the gross or net revenues 
definitely allocable to or shown to be 
derivable from the proposed extensions 
or improvements to the existing utility? 

(4) In the event of failure on the 
part of the municipality to perform 
the covenants and agreements to be 
set forth in the ordinance or resolu- 
tion authorizing the issuance of the 
proposed obligations, what will be the 
remedies of the holder of suck obli- 
gations? 

(5) If the proposed obligations are 
additionally secured by a mortgage or 
trust indenture, has the court of last 
resort of the State in which the appli- 
cant is situated passed upon the power 
of the applicant to make such a mort- 
gage or trust indenture? If so, cite 
decisions. 

(aa) If the proposed securities are what 
are generally known as “special assess- 
ment bonds” or other like obligations, then 
state: 

(1) How are such special assess- 
ments fixed and when do they become 
final? 

(2) In the event of default in the 
payment of the principal of or interest 
upon such obligations, what are the 
remedies of holder? 
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(3) What character of lien have 
such oe assessments on the prop- 
erties nefited and is this lien su 
rior or junior to the lien of other 
taxes? 

(4) Is there any additional security 
for the payment of such obligations 
other than the special assessments? 

(5) Does the issuance of such obli- 
gations constitute the incurring of a 
debt? 

(bb) If the applicant has no power to 
issue general obligations or special rev- 
enue bonds, give reference to provisions of 
general, special, or local laws empower- 
ing applicant to convey site upon which 
project is to be constructed to the United 
States and enter into a lease with the 
United States relative to the project and 
obligate itself to pay rental therefor. 


saps jeonionnes 


Contractor Finances Work 
In St. John Harbor 


A departure from ordinary practice is 
revealed in connection with a contract re- 
cently awarded for the reconstruction of 
part of the Saint John, N. B., harbor. 
The general contractors, the Saint John 
Drydock and Shipbuilding Company, has 
undertaken to carry the cost of the work 
for three years, or in other words, to ad- 
vance the necessary capital to the Dominion 
Government, with provision for repayment 
after three years. 

ioarectieal inion 


Buffalo Sewage Plans 
To Be Revised 


George B. Gascoigne, consulting engi- 
neer, Cleveland, Ohio, was authorized by 
the special public works committee of the 
common council, Buffalo, N. Y.. on July 24, 
to revise the so-called Gascoigne-Tolles 
plan for new sewers and sewerage dis- 
posal plants as a possible federal emergency 
work relief measure. Mr. Gascoigne said 
that when he made his estimate of $23,000.- 
000 in 1929 for the project, that the esti- 
mate was based on the higher labor and 
material costs then prevailing and that 
now the project probably would cost con- 
siderably less. 





Contracts and Capital 


CONSTRUCTION 
(Thousands of Dollars) 
Weekly Average Week 





Auget, Fouw Avy, 10, 
1932 Weeks 933 
Federal Government... $4,177 $322 $2% 
State and municipal... 12,44 5.784 4.554 
* Total public - $6617 $6. 106 $4850 
Total private... .... 3,792 7.089 8.759 
Week's total -.-- $409 $13,195 $13,409 
Cumulative to date: 
1932 : . $759.39 
1933 ee 521.7% 


NEW PRODUCTIVE CAPITAL 

a (Thousands of Dollars 

Weekly Averace Wek 
Aug Four Aug. 5, 
1932 Weeks 1933 
$5,400 $77.19 $128.877 


New capctal ewes 


( wmubaisve 10 Gaie- 

1932 - $501,400 

1933 ; , 458.193 

accesses pein 
aT 7 
ENR Cost and Volume Index 
E_N.-B. Cost E_N.-B. Volume 
August, 1333. 167.08 July, 1503 C +4 
July, 1933... .. 165.50 Jume, 1933........ 1e9 
August, 1932... 156.80 July. 1932 ; let 
1932 Average . 156.97 1932 (Averaged iz7 
1931 Average) . 181.35 #931 (Average)... 228 
193 Averare? 282.35 1938 (Average... itt 
1913 Average he] 
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Obituary 


Outver C. WiikeEs, widely known archi- 
tect and builder, Buffalo, N. Y., died in that 
city July 23, at the age of 84 years after a 
long illness|5 He was the designer and 
builder of a number of large churches in 
Buffalo. He is survived by one daughter. 

Earte P. Luce, formerly county engi- 
neer of Duval County, Fla., died on July 5 
at the age of 40 following an emergency 
operation. He had been ill for several 
months. Mr. Luce was graduated from 
the Michigan State College of Mines. He 
went to Jacksonville in 1918 following serv- 
ice in the army during the war. 

Frank D. Hvupcrns, aged 55, senior 
highway engineer in charge of the Little 





Engineering Contracts and Capital 


EAVY CONSTRUCTION has not 

as yet felt any effects of the national 
public works program according to con- 
tract award figures. Contracts reported 
last week showed a slight gain over those 
of the past two weeks, yet remain close to 
the average of the past month. The total 
of contracts reported is $13,609,000, as com- 
pared with $12,189,000 for the previous 
week. The average of the past four weeks 
is $13,195,000. A lag in public works, 
coupled with a $3,500,000 contract for a 
new railroad terminal at Houston and a 
million-dollar brewery in New York City, 
raised private contracts to nearly double 
that of public works for the past week, the 
totals being $8,759,000 and $4,850,000, 
respectively. Highway contracts held to 
the low average of the past few weeks, 
amounting to $2,487,000. Federal govern- 
ment work also remained low, with only 
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Rock, Arkansas, office of the Fe: 
reau of Public Roads, died at hi. 
that city, July 25, after an illn 
began last February. Mr. Hudg: 
to Arkansas from South Dakot; 
he was at one time state highway 
He also had been connected wi): 
other engineering projects. 
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Harry J. Frxesaum, consulti: 


neer of New York City, was kille in gp 
automobile accident on July 4 in } \orid, 
Mr. Finebaum was 40 years old. | |e wa; 
born in London, came to this cow try jp 
his youth and was graduated from ( coper 
Union and Brooklyn Polytechnic |) tity. 
At the time of his death he wa. unde 
engagement as supervising and 0) -ulting 
engineer in connection with contract work 


in government flood control proj: 


$296,000 reported in contracts let. \ean- 
while the list of proposed projects, bot 
large and small, continues to grow. While 


-many of these prospects are only in the 


planning stage, bids are being asked for on 
others for September and October openings. 

Considering the definite allotments to 
the various states for highway construc. 
tion, new capital available for construc. 
tion has more than doubled in the past 
two weeks. Up to two weeks ago cumula- 
tive new productive capital for the year 
was only $183,000,000, about a third of 
that of last year. Now the cumulative 
total stands at $480,000,000. An en 
couraging sign in the municipal financing 
situation is the appearance of bond <ale 
schedules for municipal construction pro- 
jects. For over a year municipal bond 
sales have been almost exclusively for re- 
lief work or for general financing. 
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